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Introduction to Memory Element 


A. Function of Memory 


1. The memory element of the Central Computer is a computer- 


controlled, large-capacity,.randon-access, high speed 


storage facility which provides for the semipermanent storage 


of all information (operating program, raw data, and pro- 
cessed results) required for or resulting from the normal 
operation of the Central Computer. The memory storage 
circuits do not differentiate between instruction words and 
data words (raw or processed). The memory "readout" 


cycle (equivalent to PT, OTa, and BO machine cycles) results 


in the transfer of a memory word out of a specific memory 
location; the memory ''store'' cycle (equivalent to OTB and 
BI machine cycles) results in clearing the specified.memory 
location and storing the desired memory word in the cleared 


location. Each type of cycle requires 6.0 usec for execution. 


B. Block Diagram Analysis 


1. The three memory address registers are actually an integral 


part of the associated memory device since it is used to 
condition the internal address selection circuits within 

that memory. Each of the three memory devices is capable 
of storing different quantities of information; core memory 
1 has a storage capacity of 65, 536()9) memory words, core 
memory 2 has a storage capacity of 4, 096(;9) memory 
words, and test memory has an effective storage capacity 
of 16(10) memory words. The storage medium used in 
each of the core memory devices is a 3-dimensional ferrite 
core array. Test memory storage is accomplished by the 
use of a manually wired control panel, two toggle switch 
registers, and a flip-flop register. 


During computer operation, each memory cycle is initiated 
by the transfer of the desired memory address to the three 
memory address registers, and the subsequent application 
pf a‘start-memory pulse to initiate the internal operations 
in the selected memory. Concurrently, the memory buffer 
registers are cleared to prepare them for the temporary 
storage of data to be transferred from either the selected 
memory location or from an external register, depending 
upon the type of cycle in process. During the execution of 


a memory ''readout'' cycle, the contents of the specified mem- 


ory location are transferred to the memory buffer register 
approximately 3.0 usec after the cycle was initiated. The 
memory buffer register contents are then transferred toa 
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Specific computer register as directed by a computer command. 
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Since the cores operate on the principle of destructive 
readout (the information contained in the selected -core 
register is erased), the latter portion of the memory 
"readout'' cycle is used to store the memory buffer 

contents back into the specified core memory location. 
During the execution of a memory "store" cycle, the first 
3.0 usec are used to erase the contents of the specified 
memory location and to transfer the new word from one of 
the computer registers to the memory buffer register. During 
the latter portion of this memory cycle, the new information 
is stored in the cleared memory location. 


. The parity circuits associated with the memory buffer 


register provide a means of checking the accuracy of in- 
formation transfer into and out of either of the core 
memory devices. During each memory ''store'' cycle, a 
parity bit is assigned to the memory word(33rd bit of memory 
word) before it is stored into the specified core memory 
location. During each memory readout cycle, the parity bit 
is checked to determine whether. the initial transfer into and 
the present transfer out of the core memory was accurately 
accomplished. If the parity check shows that the memory 
word is in error, a parity-alarm signal is generated to 
inform the operating personnel of the malfunction. 


The memory storage devices and the parity circuits operate 
independently of each other. 


C. Memory Location Selection 


l. 


By program counter during P. T. Time (except when "Branch 
FF" is set) 
By ADR Reg. during O. T.' Time and during P. T. Time when 


“Branch FF" is set. 


By I/O Adr. Ctr. during BI or BO Time. 


One of the above is sent to the three Memory Address Regs. 


0070 


which do the actual selecting of the specified address in memory. 


D. Memory Address Assignment : 


1. AN/FSQ-7 256% & 64" Memory 


a. Memory Normal-Reverse Switch in Normal Position 


0.00000 - 1.77777 Memory I (256) 

2.00000 - 2.07777 Memory II (648) 

2.10000 - 3.77757 Memory II (642) will be selected 
3.77760 - 3.77777 Test Memory 


b. Memory Normal-Reverse Switch in Reverse Position 


0.00000 
0.10000 
2.00000 
3.77760 


0.07777 
1.77777 
3.77757 
3.77777 
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Memory II (64°) 


. Memory II (64°) will be selected 


Memory 1(2562) 
Test Memory 


2. 2. AN/FSQ-8 Two 642 Memories 


a. Memory Normal-Reverse Switch in Normal Position 


0.00000 
. 0.10000 
0.20000 
0, 20020 


b. Memory Normal-Reverse Switch in Reverse Position 


0.00000 
0.10000 
0, 20000 
0, 20020 


0,07777 
0.17777 
0.20017 
0.37777 


0.07777 
0.17777 
0.20017 
0.37777 


Memory I 

Memory II 

Test Memory 

Test Memory will be selected 


Memory II 

Memory I 

Test: Memory 

Test Memory will be selected 


c. Clock and Abnormal Selections 


0. 60000 
‘1.00000 
1. 10000 
1.20000 
1.40000 
1.50000 
1.60000 


1.70000. 


0.77777 
1.07777 
1.17777 
1.37777 
1.47777 
1.57777 
1,67777 
1.77777 


©. Physical Description 


]. 


AN -FSQ-7 


Clock Reg, 

Memory I 

Memory II 

Test Memory 

Memory I 

Memory IT 

Clock Reg. 

Clock Reg. if CAC, Test Memory 
if not CAC, 
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a. One 2564 Memory and one 64% Memory for each computer. 


b. 256 Memory 
Units 65, 66 and 67 - 


c. 64¢ Memory 
Units 10, 11, and 12 


AN-FSQ-8 


2 
a. Two 64° Memories 


b. Units 7, 8 and 9 (642 Mem.) are used instead 
of Units 65, 66 and 67 (256% Mem.) 


Refer to Page 0099 


7 
FRONT VIEW 


1. Z MODULE ( UNIT 12) 
2, C MODULE (UNIT 12) 

3, B MODULE (UNIT 12) 

4, A MODULE (UNIT 12) 

5. C MODULE (UNIT IO) 

6. B MODULE (UNIT IO) 

7. A MODULE (UNIT IO) 

8. CORE MEMORY 2 ARRAY (UNIT 11) 
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Core Memory 2 Units (Units 10, 11, and 12) 
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MODULE (UNIT 65) 
MODULE’ (UNIT 65) 
MODULE (UNIT 65) 
MODULE (UNIT 65) 
MODULE (UNIT 65) 
CORE MEMORY ARRAY 
A MODULE (UNIT 67) 
B MODULE (UNIT 67) 
C MODULE (UNIT 67) 
D MODULE (UNIT 67) 
Z MODULE (UNIT 67) 
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Core Memory | Units (Units 65, 66, and 67) 
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F. Memory Cycle Definition 


l. 


2. 


NOTE: 


3, 


One complete operation of memory. 
Comprised of a read cycle followed by a write cycle. 


a. Read Cycle - The time during which information in 
the selected memory location is taken from that 
location (read) and transferred to the memory buffers, 


During OT-B time of a store class instruction, and during 
Break-In time of an I/O operation, the information is read 
from the specified memory but is not transferred to the. 
memory buffers. This is because new information is to be 
placed in the memory and the old information is to be 
destroyed. 


b. Write Cycle - The time during which the information 
contained in the memory buffers is placed (written) 
into the selected memory location, 


Once..a. memory cycle is started it cannot be stopped by 
computer action. 


G, Summary Questions: 


I, 


Answer the following True or False; 


a 


e 


tructive readout. 


b. The Program Ctr. may condition the MAR, only during is 


PT Time. 


One disadvantage of Core Memory is that it has des- eae 


0100 


c. Information read out of Core Memory is always transferred = 


* to the Memory Buffers. 


= 


A parity check will check for an odd number of failing bits, T— 


e. One advantage of Core Memory is that access to information | | 


is faster than what it is for drums, 


f. Address 2. 00000 thru 3. 77757 can be used to select Mem. I. ~~ 


g. An AN-FSQ-7 computer does not have Units 7,8 and 9. i 


h. If the read portion of a memory cycle is started a write 
cycle will also occur. 


i. During a memory "store'' cycle, a read cycle occurs first aan 


to destroy the previous contents of memory. 
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j. Once a memory cycle is started it cannot be stopped by 
computer action. 


2. Complete the following statements 


a. In an AN-FSQ-7 computer the ferrite core arrays will be 
contained in units /{ and /l. 


b. Modular units [ O and [ z do not contain Z modules. 


c. The A side of Unit 66 is referred to as pats side. 


II. Basic Fer..ce Core Theory 
A. Ferrite Core Physical Description 


1. The principal component of a magnetic core memory storage 
device is a ferrite core which possesses a square hysteresis 
loop, a low coercive force, anda short flux reversal or 
switching time. The ferrite core used in the two core 
memory devices is composed of a mixture of ferric and 
manganese: eens Ua ais which are bonded together in the 
form of a toroid Raving an inside diameter of 0.050 inch 
(0.127 cm), an outside diameter of 0.080 inch (0.203 cm), 
and a thickness of 0.025 inch (0.0635 cm). A carefully _ 
controlled sintering or firing process imparts the desired 
characteristics to the core. 


B: Magnetic Characteristics - Major Hysteresis Loop 


1. The usefulness of a ferrite core as a binary storage device 
depends upon four important characteristics; the ability of Refer to Page 0120 
the core to remain in one of two stable magnetic states, the 
Squareness ratio, the switching time, and the ratio of 
coercive force to applied field required to produce the major 
or saturation hysteresis loop. The major hysteresis loop of 
a typical ferrite core is a plot of flux density (B) versus 
applied magnetic field intensity (H). 








Major Hysteresis Loop 


os 4 T.) 
Time (usec) 


Typkal Response of a Ferrite Core 
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2. Storage of binary information in a ferrite core is 
dependent on the ability of the core to retain a relatively 
large value of residual or remnant flux upon the termination 
of a driving or switching pulse of current. Two primary 
states of residual or «emnant flux density (By; and -B,) are 
possible and these have been defined as the zero and one 
states respectively. To switch a core from one state to the 
other, it is necesssry to apply a current pulse of I, or ly, 
ma (depending on the initial content of the core) to the 
drive line that links the core. The resultant applied field 
of 820 ma-turns will saturate the core in the desired 
direction, causing the flux state to reverse by traversing 
the loop path a-b-c or c-d-a. | 


3. During core memory operation, the state of a core is Refer to Page 0120 
determined by applying a read current pulse (I,) to the drive 
line, and detecting the resultant changes in flux density 
by measuring the voltage induced in 4 sense winding. If the 
core was initially in the one state, application of the read 
current pulse(I,) will cause the core to be switched to the 
zero state (traversing path a-b-c) with the result that a 
relatively large change in flux density (2B,.) will be detected 
by the sense winding (one output signal). If the core was 
initially in the zero state, applicationiof the read current 
pulse (I,) will not switch the core (path t-b-e is traversed), | 
with the result that a relatively small change in flux 
density will he detected by the sense winding (zero output 
Signal). The amplitude of the zero output signal is depend- 
ent upon the radio of the residual flux density (B,) to the 
saturation flux density (Bs), which is flefined as ‘the square- 
ness ratio (Rs = Br/B,) of the core. This ratio is important 
in that it determines the relationship between the amplitudes 
of the one and zero autput signals, The magnitude of the 
zero output signal decreases as the value of R, approaches l, 
with the result that the difference between the amplitudes of 
the one and zero output signals becomes greater. Ferrite 
cores used in the two core memories have a squareness ratio 
greater than 0.95. 


4. The time required to produce a flux change or flux reversal 
is of equal or greater importance than the equareness ratio. 
The zero output signal is not only smaller in amplitude than 
the one signal, but also peaks earlier and is of shorter 
duration. Since these differences exist, it would appear that 
information detection could be accomplished by either a differ- 
ence time or a difference-amplitude sampling technique. How- 
ever, in a practical core memory, a difference-time sampling 
technique must be used because the noise Signals generated in 
the memory make the difference-amplitude sampling technique 
unfeasible. 
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The time required for a core to switch from one state to 
the other is defined as the switching time, T,. This time 
is actually measured as the elapsed time between the time 
that the driving current pulse reached 50 percent of its 
amplitude, and the time at which the one putput signal has 
dgopped to 10 percent of its peak amplitude. The switching 
time for cores used in the memories is approximately 1, 2 
usec for an applied field of Sey: ma through a l-turn drive 
winding. : 


5. Simplified Hysteresis loop sequence for a new ferrite core. 


a. Assume the core has never been magnetized. (New Core) 
(Intersection of ''B'' & ''H" lines. ) 


b. Apply 820 mils of Read current. (Core is driven to 
saturation, (Point''b'’.) 


c, Remove current. Magnetism returns to point "'C"', 


d. Apply 820 mils of Write Current. Magnetism of core 
is switched to pant !'d'', 


e, Remove Write Current. Magnetism returns to Point ‘'a''. 


La 


Apply Read Current. Core switches from ''a" to ''b", 
g. Remove Read Current. Core falls back to ''c"'"”. 


h, The switching of the core induces a voltage in the Pente 
winding. SAPBEO®: 100 MV). 


C. Explanation of Sensing a "One "'. 


1, Core never returns to the non-magnetized state. Refer to Page 0120 
2. If the ''Read '' current switches the core from a''One", 

point a", toa''Zero!', point ''C"', the induced voltage in the 

Sense winding indicates that the core was a one, If the core 

was in the Zero state, point "'c"', the Read current would 

switch the core to point ''b'', and then back to point "'c'', The 

switching of the core from'"'c'"' to"b" to ''c!! does not induce 

the voltage necessary for a One, 


3. The core switching from a''Zero'' to a "One'' as.a result of 
Write current also induces a voltage in the sense winding but 
this is not used or sampled to indicate an output from the core, 
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4. The switching of a core, when reading a ''One'"', to the ''Zero! 
state of magnetism indicates that CORE Readout is ''Destructive", 
A "One "' could not be read from the core again unless Write 
current had switched the core back to the ''One" state, 





D. Summary Questions: 
1. Answer the following questions True or False: 


a. One of the most important characteristics of a ferrite ~~ 
core is its ability to remain magnetized after the 
magnetizing force has been removed. 


b. The only difference between a one and a zero in a ferrite - 
core is the amount of flux. 


c. A core is set to a one or a zero depending on the direction’ 
of magnetizing flux. 


d. A core contains a zero immediately after the read cycle T 


e. The only difference between a one and a zero pulse on ae 
the sense winding is the amplitude... 


a 
= 


f. The switching time for ferrite cores is 1,2 usec. 7 
g. The same amplitude signal is induced into the sense wind- 
ing when a core is switched from a zero to a dne'as when | 
it is switched from a one to a zero. 
2, Complete the following statements: 


a. The read current amplitude is G20 ma. 


b. The amplitude of a one pulse on the sense winding is 


ip 0 mv. 


c. If a core contains a zero when read current is applied _ 
a signal will be present on the sense winding for 4 § usec. 
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Ill. 642 Core Plane 
A. 4096 (19) cores ina 64% plane. 10, 000/g) Refer to Page 0170 
.]1, Each plane has its own Memory Buffer FF. 
B."'X" and '"'Y" Windings 


1. Used to drive the selected cores during both the read cycle 
and the write cycle. Current flows in one direction during 
read cycle and opposite direction during write cycle. 


2. The Wyn ‘winding carries oneshalf the.current necessary. to 
switch a ferrite core. 


3. The ''Y" winding carries one-half the current necessary to 
switch a ferrite core. 


4, A''X" and ''Y" winding pass through the hole in a ferrite core 
once. This is effectively ''one-turn'" for each windirg. 


5, Number of windings (64 each) 


a. 64X times 64Y gives total possible selection of 
409610 (10, 0008) addresses. 


b. Each winding (X or Y) passes through 64 cores on 
every plane. 


c. Only one core on ajgiven plane is fully selected (both X 
and Y currents passing through it) for any address 
selection. 126 cores (63X and 63Y) are half, selected. 
at the same time. A.core must be fully selected to change 
its state. 


6. The "coincident current" method of selection of a particular 
ferrite core (1 of 4096) is accomplished by having all the 'X" 
windings enter on the ''Left and Right:' sides of a plane, while 
all the ''X'' windings enter on the ''Top and Bottom" of the 
plane (Looking at the illustration). 






DIGIT 
PLANE 
ORIVER 







‘TRANSFER 
COMMANO 





| FROM CENTRAL 
"410 MA COMPUTER 





{ 
, 410 MA 
| ! 
| 
a 
INH 410 Ma 
~ READ _ WRITE 
oO PORTION PORTION 


6 USEC 
TIME (MEMORY CYCLE) 
” NOMINAL VALUE 


Ferrite Core Windings 
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a. Only one ''X" and one ''Y'' winding will be selected for 
carrying current at a time, 


b. Where the two lines (Y and Y) cross or intersect in the 
plane is the fully selected location. (The two currents will 
add, applying full switching current to a core.) 


C. Sense Winding 


1. The sense.winding passes through all the cores of a single Refer to Pg. 0170 
plane. 


2. The sense winding is used to sense the switching of the 
selected location. 


a. If the fully selected location is switched from the "one!"! 
state to the ''zero'' state, the sense winding will feel 
the change (reversal of flux induces voltage on sense 
winding). The switching of a core will cause a sense 
amplifier circuit to condition a GT, The GT will be 
sampled and the output sent to the plane's Memory 
Buffer FF. " 


b. If the ferrite core was a zero the sense winding will not 
feel as much flux reversal. The SA will not condition the 
GT for a long enough period of time to allow the GT to 
remain conditioned at the time the sample pulse occurs. 
The Buffer FF will not be set. This will indicate that 
the location contained a zero. 


D. Inhibit Winding 


1. The Inhibit winding passesthrough all the cores of a plane. Refer to Pg. 0170 
2. The Inhibit winding is wound parallel to the ''Y"' windings. 


3. The Inhibit winding prevents a''one'' from being written 
in a core location. 


a. The "X" and ''Y" winding always try to write a ''one"' 
in the selected location. 


b. If the Memory Buffer FF contains a "zero" the inhibit winding 
will prevent the storing of a one by canceling out one-half 
(410 ma) of the Write current. 


c. The Inhibit current is the same as 410 ma of "Read'' current 
applied during the ''Write'' portion of a Memory cycle. 


d. When storing a ''zero" in a location the location feels only 
one -half write current and does not switch to the ''one"’! 
state. 
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E. Total Windings 


1, 


Each ferrite core in memory has 4 windings (X, Y:, Sense 
and Inhibit) passing through it. 


F, Summary Questions: 


1. :Answer the following questions.T rue'or False: 


Ze 


a. There are 64X and 64Y windings per core array, 7 


b. There are 4096 cores per plane. 7 


c. 64 sense windings are used per core array, fF 
d, 33 inhibit windings are used per core array. /- 
e. Inhibit windings run parallel to the X windings. fF 


f, One sense winding passes through every core of 7 
a particular plane. 


eonipiee the following statements: 


o 


a. The Asive) current on an X line is 1 OQ ma. 


b. Inhibit current cancels the effect of 1/2 drive 
current during WAV time. 
| 


¢, The Digit Plane Driver is conditioned by the /7£/7 


LER OiJFF. 
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IV. Half-Selected Ferrtie Cores 


A. Minor Hysteresis Loops 
f 
1, Each selected X and Y line carries one-half amplitude Refer to Fy. 0220 

current. The core at the junction of'a selected X and Y 

line receives the full current. A core receiving full 
current, therefore, switches to either the 0 or the 1 state, 
depending upon whether a read or a write Operation is 

being carried out. When writing a 0, a third current, 
called the inhibit current, is present. This current 

affects all the cores in the plane and has a value of a 
nominal half-read current, Therefore, when writing a 0, 
all cores recieve the inhibit current. The selected core 
receives the full-write current and the inhibit current, 
resulting in only half-write current. This flux change 

is not sufficient to switch the core to the 1 state. The 
half-amplitude currents are insufficient to cause a core 

to switch; however, they do cause the state of magnetization 

_of a core to change slightly. 


2. A core which is in a modified state of magnetization is 
considered to be in a disturbed state. In the coincident 
current scheme, there are five basic states of magneti- 
zation. These are as follows: 


a. Read-disturbed 0 
b. Write-disturbed 0. 
c. Read-disturbed 1 
d. Write-disturbed 1 
e. Undisturbed or newly weitten 1. 

'3. A sixth state, an undisturbed or newly written 0, does not 
exist because a read is always followed by a write operation. 
In writing a 0, a half-write current actually passes through 
the core, resulting in the write-disturbed 0 condition. 
(Actually, there are 14 basic states in the memory. However, 


these 14 states can be reduced to the 5 mentioned if the minor 
deviations produced by the other 9 states are neglected. ) 


3 
3 
L 


—PIHALF WRITES 
FULL-WATE 


ONE 





LEGEND: 

L s Driving current necessary to setunte the core 

a =» Magnetic state of core defined as read disturbed 0 
b = Magnetic state of core defined as write disturbed 0 
c = Magnetic state of core defined as read disturbed 1| 
d s Magnetic state of core defined as write disturbed 1 
& 


= Magnetic state of core defined as undisturbed or 
newly-written | 


MAGNETIC HYSTERESIS LOOP FOR CORE 
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4. Ahysteresis loop showing the five basic states is illus- Refer to Pg. 0220 
trated. A careful examination of the hysteresis loop reveals 
_that there are different paths to be followed, depending upon 
the past history of the core. Specifically, a half-selected 
(half-read current applied to a core) read-disturbed 0 
traverses the path from point ''a'"' to point ''f' and back to 
point "a'' again, The resultant flux change is therefore 
very small. When half-selected, a core initially at the 
write-disturbed 1 position traverses the path from point 
d to point g to point c. A net flux change results from 
traversing this path. Hence, one basic fact is revealed; 
i.e., a half-selected write-disturbed 1] induces a greater 
voltage into the sense winding than’ the half-selected read- 
disturbed 0. 


5. A half-selected read-disturbed 1 produces a greater flux Refer to Pg, 0220 
change than does a half-selected read-disturbed 0, That 
this is true is perhaps better understood by comprehending 
the fact that applying a half-selected current to a core in 
the 1 state tends to desaturate the core, whereas a half- 
selected current applied to a core in the 0 state tends to 
drive the core into saturation. The output of a core travers- 
ing minor loops, such as the read-disturbed 1] and read- 
disturbed 0, is dependent only upon the magnitude of the 
differential, or incremental, permeabilities. The differential 
permeability is known to be least at saturation of the material. 
The output of a half-selected read-disturbed 0, which tends 
toward saturation, is less than the output of a half-selected 
read-disturbed 1. The. difference between the output of a half- 
selected 1 and a half-selected 0 is defined as: 


0=hVY1 -hVo 


hV1 Voltage output of a half-selected 1 


hYo = Voltage output of a half-selected 0 


6. Consider half-selected cores 
a. Assume magnetism of core to be point (b). Refer to Pg. 0220 


b, Apply 1/2 read current and then remove. Half-selected 
core moves on magnetic path (b) - (f) - (a). Coreisa 
read disturbed zero. 


c. Apply and‘remove 1/2 write current. Path is (a) - (k) - 
(b). Core is a write disturbed zero. 


d. Assume magnetism of core to be at point (e). 


e. Apply and remove 1/2 read current. Magnetic path (e) - 
(g) - (c). Core is a read -disturbed one. 
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f. Apply and remove 1/2 write current. Magnetic path 
(c) - (1) - (d). Core is a write disturbed one. 


7, Cancellation of the half-selected cores half-write by 
inhibit current, 


a, All cores except the fully selected core will be read 
disturbed '"'1''s or ''0''s after an inhibit current. 


b. The fully selected core will be a write disturbed 
core after an inhibit cycle. 


8. Effective current pulse sequence applied to cores of 
one memory plane, Selected core is to contain a: 


1 0 

a. Selected core Full-Read -Full-Read, 
(1) Full-Write Half-Write 

b. Half-selected Half-Read, Half-Read, 
Cores Half-Write No Pulse 
(126) 

Cc: Nonselected No Pulse, No Pulse, 
Cores No Pulse Half-Read 
(3, 969) 


B. Summary Questions: 
1. Answer the following questions True or False: 


a. One half write cuzrent will not change the magnetic lines 
of flux ina core ge 


b, A newly written zero condition is possible immediately 
after a read cycle. 


c. A properly adjusted memory can read a core in any of the 
disturbed one conditions as a aa ' 


d. All cores will be disturbed after writing a zero into any core. “T" 


e. There can never be more than one undisturbed core ina F 
core plane at any one time. 


2. Complete the following statements: 


a. Point £§ on the hysteresis loop represents a newly 
written 1. 
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b. Point lg on the hysteresis loop represents a write 
disturbed 0. 


c, Point / on the hysteresis loop represents a read 
disturbed 0. 


d. Point ( , on the hysteresis loop represents a read 
disturbed l. 


e. Point {) onthe hysteresis loop represents a write 
disturbed 1. 


V~. Analysis of Ferrite Core Output Sigcsls 


A. Effect of Half-Selections 


1. Approximate output from a ferrite core: Refer to Page 0260 
Full Half 
Waveform _ Read Selected 
1. Write Disturbed ''0" 22MV 1OMV 
2. Read Disturbed ''0"' l16MV SMV 
3. Undisturbed "']"' 139 MV 14MV 
4. Read Disturbed "1" 131MV TMV 
5. Write Disturbed "1" 135MV 12MV 
2. The induced voltages caused by half-selection are Refer to Page 0260 


0.5 usec. in duration. 


3. If all of the half-selected core outputs were added 
together it can be seen that a large pulse would be 
the result. 


OUTPUT WHEN | 
i/ 3 8 APPLIED 


wY na” BALF SELECTED 
WRITE DISTURBED ZERO 


READ DBTURBED ZERO 





ay FULL SELECTED 
UNDEBTURBED ONE 


y Yur - BWALF SELECTED 
UNDSTURBED ONE 











Vi y> MALP SELECTED 


“- FULL SELECTED 3 
) READ DISTURBED ONE 


READ DASTURBED ONE 







me WALF SELECTED 
. WRITE DISTURBED ONE 


WRITE DISTURBED ONE 






NOTE 


| 3) THE AMPLITUDES SHOWN WERE 
180 : OBTAINED UNDER TEST CONDI- 
oO TIONS AND THEREFORE MAY DIF- 
: FER FROM THOSE OBTAINED UN- 
) DER ACTUAL OPERATING CONDI- _ 
= TIONS. HOWEVER, THE RELATION- ||: 
/ SHIPS BETWEEN THESE VOLTAGES 
WILL REMAIN THE SAME UNDER 
BOTH CONDITIONS. 
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WRT. __» RDS. ~ 
CURRENT +1 CURRENT 





| FULLY SEL, HALF SEL, _ 
C- UNDISTURBED ZERO (IMPOSSIBLE) ee eee eo eee 
'N- RDS DISTURBED ZERO 


6 5 
L- WRT DISTURBED ZERO - a” 
G- RDS DISTURBED ONE va : 
J- WRT DISTURBED ONE ne 2 
E- UNDISTURBED ONE — a, 


NOTE: BASE WIDTH OF A FULLY SELECTED ‘I BIT OUTPUT IS APPROXIMATELY TWICE THAT FOR A 
‘O’ BIT. 
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Example: 
126 X 5 MV (smallest output) - 630 MV # output of selected core. 


This cumulative output af the sense winding is undesirable 
because "One'' amplitude would be present on the senSe winding 
during every cycle. 


4, Two efforts are made to nullify the effect of half-selections. 
Core polarity and the timing of the sample pulse which strobes 
the GT conditioned by the SA. 


B. Core Polarity 


1. When a core is read out fi.e., the core is switched to the 

0 state), a signal of a given polarity is induced into the 
sense winding. The polarity of the voltage is the same for 
either a 1 or a 0 and is determined by the wiring geometry 
of the plane. After the polarity of a core in the corner of an 
array is established, the geometry of the array is such that 
a polarity pattern follows. To determine the polarity, use 
should be made of only the right hand rule and Lenz's law. 





2. Illustrated is a view of the core at X0, Y7. By grasping Refer to Page 0280 
the X or Y line with the right hand and pointing the thumb 
in the direction of current flow, the fingers of the right 
hand indicate the direction of flux.in the core to be counter- 
clockwise. Lenz's law states that the current which flows 
as a result of an induced voltage is such as to oppose the 
buildup of flux. = ; - 

vd 

3, The direction of the flux in the core has been determined to 
be counterclockwise by means of the right hand rule. If the 
sense winding is now grasped with the right hand so as to 
oppose the flux in the core, then the thumb points in the dir; 
ection of the "end'' terminal of the sense winding. If the 
current induced in the sense winding by an individual core 
flows toward the "end'' terminal, then by DEFINITION -that 
core is said to be a negative core. If the induced current flows 
toward the ''start'' end, the core inducing the current is con- 
sidered to be a positive core. 


4. It should be noted that the polarity of a signal in the sense 
winding is a relative thing. The item desired as an end re- 
sult is the difference of voltage between the two ends of the 
winding. To achieve this, the output of the sense winding is 
amplified by a differential amplifier and then converted toa 
positive voltage that is used as the gating voltage on the 
suppressor of a gate tube. This gate tube is sensed by 0.1 
-usec pulses at strobe time, thereby emitting a 0.1l-usec 
pulse when the core contained a l. 
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C. Polarities of Typical Core Plane 


1. The (33),g planes in the memory each contain (4096))9 cores 
which are located at the intersections of the X and Y lines, 
The sense and inhibit windings link every core in a plane. 
The direction of the driving currents and the manner in which 
the sense winding links the cores determines the the polarity 
of the signal induced into the sense winding. A given core 
output is only sampled during read-out time, thus the polari- 
ties pertain only during that time. 


2. The output of a given core will have the same polarity - 
regardless of whether a core contains a0 oral. Hence 
it is seen that the indications from the plane are either 
positive or negative and independent of whether the core 
contains a0 oral. | 


3. An 8 by 8 plane and the polarities associated with the core Refer to Page 0280 
Outputs are illustrated. Each X and Y line contains an | 
equal number of positive and negative polarities. <A 
larger plane, such as the (64)19 by (64) 19» is merely a 
continuation of the polarity pattern corresponding to the 
first eight positions in the (64))9 by (64))9 array. 


4, The pattern formed by:the cores (4 of the same polarity 
in a group) is referred to as a checkerboard pattern. 


D. Core Polarity Summary 
1. The sense winding is wound to produce positive and 
negative cores so as to have the voltages induced on the 


sense winding by the half selected cores tend to cancel. 


a. The voltage from positive cores tends to cancel the 
voltage from negative cores or vice versa. 


b, Both a''l1" and'"'0" give the same polarity output from 
a given core. Only the amplitude varies. 





2. The output on the sense winding of a 64° plane consists of: 
a. The fully selected core. (1) 
b. Plus the half-selected cores of the same polarity. (62) 


'c. Minus the half-selected cores of the opposite polarity. 


(64) 
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Analysis of Sense Winding Output Voltage 


1. When the selected X and Y drive lines are energized with 
half-amplitude read current pulses (to read out the contents 
of the selected core), a total of 127 cores are involved in 
producing the sense winding output voltage. That is, when 
a particular core is selected, the sense winding output re- 
presents the summation of the selected core output voltage 
and the noise voltages generated by the 126 half-selected. _ 
cores (63 cores on each of the selected X and Y drive lines). 
Each X and Y drive line contains a number of positive and , 
negative cores; therefore, in a 64 by 64 core matrix, each 
drive line will contain 32 positive and 32 negative cores, 
Thus, because of this sense winding polarity pattern, the 
application of coincident half-read current pulses to the 
selected X and Y drive lines of a memory plane will result 
in the generation of 62 (31 cores on the selected X and Y 
drive lines) half-selected output voltages whose polarity is 
the same as the polarity of the selected core output voltage, 
and 64 (32 cores on the selected X and Y drive lines) half- 
selected output voltages whose polarity is opposite to the 
polarity of the selected core output voltage. As a result, 
the half-selected output voltages of 124 of the 126 half- 
‘selected cores (62 positive and 62 negative output voltages) 
will tend to cancel each other. However, complete can- 
cellation of these 62 pairs of half-selected cores (a pair 
consists of one positive and one negative half-selected core) 
can only occur under specific conditions since the amplitude 
of the individual half-selected output voltage depends upon 
which flux state the core exhibits prior to the application of 
the half-read current pulse. The half-selected output vol- 
tages of 2 of the 126 half-selected cores whose polarity is: 
opposite to the polarity of the selected core will not be. 
cancelled; therefore, these two half-selected output voltages 
will subtract from the selected core output voltage. The 
equation to express the sense winding output voltage produced 
during the read portion of the memory cycle may be written. 
as follows: 

Vout = Vg - 2Vh, £ 62Va 


Where: 


Vout = the output voltage of the sense winding 


Vg - the output voltage of the selected core 
Vn = the average half-selected aitput voltage 


whose polarity is opposite to the selected 
core output voltage 


2. 


36 
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Va 5 the difference between the average posi-e 
tive half-selected output voltage and the ° 
average negative half-selected output voltage ° 


The last term of the equation, which deals with the suma~ 
tion of the half-selected output: voltages that tend to 
cancel each other, is defined as the delta wonage of the 
sense winding output. The delta valtage may either 
positive, negative, or zero, depending upon whether 

the average positive half-selected output voltage is 
larger than, smaller than, or equal to the average 
negative half-selected output voltage. Since the delta 
voltage is obtained from 62 pairs of half-selected cores, 
it follows that, if each core of a pair of cores is in 
the same flux state and if the characteristics of all 
the cores are considered to be exactly the same, the 
application of a half-read, current pulse to the half- 
selected cores will cause ‘each core of a pair of cores 
to generate a half-selected output voltage that is 


exactly equal to, but of opposite polarity to, its 


mate. If each of the 62 pairs of half-selected cores is 


- thus balanced, the delta voltage will be equal to zero 
‘to provide for the maximm cancellation of half-selected 


output signals. _In memory maintenance programming, this 
condition of maximum cancellation of half-select output 
voltages is obtained by using either a 1's or a O's test 


-pattern wherein all the cores of a memory plane are in 


either the one or zero flux state. 


A study of the equation reveals that the maximm value 

of delta voltage is obtained when all the half-selected 
cores of one polarity produce the smallest half-selected 
output voltages, while all the half-selected cores of the 
opposite polarity produce the largest half-selected output 
voltages. The smallest half-selected output voltage is 
produced by a core in the read disturbed zero flux state, 
and that the largest half-selected output voltage is pro- 
duced by a core in the undisturbed one flux state. However, 
since it is only possible for one core on an X or Y drive 


‘line to exhibit the undisturbed one flux state at any 


particular time (an attempt to cause a second core to 
exhibit the undisturbed one flux state will cause the 
existing undisturbed core to be write disturbed), this 
flux state does not enter into the determination of the 
maximm value of delta voltage. Instead, the maximm 
value of delta voltage is obtained when all the half- 
selected cores of one polarity are in the read disturbed 
zero flux state, and all the half-selected cores of the 
opposite polarity are in the write disturbed one (wl) 
flux state. 


h, 


De 
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Since the delta voltage can be of either polarity, the 
maximum value of delta voltage can be produced in two 
different ways; that is, by two different test patterns. 
The maximum positive delta voltage is produced when all 
the plus half-selected cores are in the write disturbed 
one (Wl) flux state and all the minus half-selected - 
cores are in the read disturbed rero (rz) flux state. 

If all the cores of the plane contain the pattern just 
ee eee ee 
checkerboard pattern. ‘The maximum negative 

vo e P when all the plus half-selected cores 
are in the read disturbed zero (rz) flux state and all 
the minus half-selected cores are in the write disturbed 
one (wl) flux state. ‘he test pattern that will produce 
this condition is defined as the inverted checkerboard 
pattern. Since the polarity of the delta and selected 


core output voltages can be individually positive or 


negative,.eight separate conditions exist whereby the 
maximm value of delta voltage will either add to or 
subtract from the selected core output voltage to pro- 
duce the maximum distortion of the selected core output 





voltage. 
"MAXIMUM DELTA VOLIEAGE COMBINATIONS 

SELECTED CORE RESULEANT OUTPUT 

POLARITY AND NEGATIVE. POSITIVE RESULTANT SENSE WINDING 

___ CONTENT . CORES. CORES POLARITY VOLTAGE 
Positive 1 rz wl i Larger positive 1 
Positive 1 wh re a Smaller positive 1 
Negative 1° rz wi f Smaller negative 1 
Negative L- wl YZ =< Larger negative 1 
Positive 0 rz wl {° Larger positive 0 
Positive 0 wi rg “ Smaller positive 0 
Negative 0 re Ww f Smaller negative 0 
Negative 0 wi rz Larger negative 0 


If all the cores of a plane have identical characteristics os 


‘the maximum value of delta voltage produced under the | 


above mentioned conditions will have a peak amplitude in 
excess of 400 mv and a duration of approximately 0.5 usec. 
Since the delta voltage and the selected core output voltage 
both start at the same time, the delta voltage always 
distorts the selected core output signal. If the selected 
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core initially contained a 0, the delta voltage will Refer to Page 033 
. completely mask the 0 output voltage since both voltages 

have the same duration. However, if the selected core 

initially contains a 1, the delta voltage will only distort 

the first 50 percent of the 1 output signal andthe 135-mv 

(approxiamte) peak of the 1 output signal will not be 

affected. It is because of this important timing factor 

that a time difference sampling technique can be used 

(during the execution of a memory readout cycle) to reliably 

determine whether the selected core contained a 0 oral. 

That is, although the peak amplitude of the delta voltage 

can be much greater than the amplitude of the selected core 

Output signal, reliable memory operation is obtained by 

sampling the sense amplifier output voltage at a specific 

time, namely just past the peak of the amplified 1 signal. 

Because the contents of the selected core is sampled ata . 

specific time, reliable discrimination between a 0 anda l 

output signal depends upon the ability of the sense amplifier 

to faithfully reproduce the relative timing of the sense winding 

waveform, 


6. Example: 


Assume all positive cores contain ''1's'' and all negative 
cores contain ''0's''. Assume all cores are read disturbed. 


Read out a core containing a''l"'. 


Fully selected core #131 MV 
plus 62 half-selected cores containing ''1's!"' 
(3lx & 3ly) 

62 X 7 = 434 f 434 MV 


Minus 64 half-selected cores containing ''0's!' 
(32x & 32y) 


64 X 5 « 320 - 320 MV 
Total / 245 MV 


F. Core Peaking Characteristics’ 


1. The cores.in a memory plane, under identical operating 
conditions, do not all uniformly peak at the same time, 
nor with the same amplitudes. Core peaking may be 
classified into four general categories: 

a. Normal. 

b. Early peaking 
c. Late peaking 
d. Low amplitude 


0350 








(B) EARLY 


(A) NORMAL 








(D) LOW AMPLITUDE 


(C) LATE 


CORE PEAKING CHARACTERISTICS 
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2. Examples of the four conditions were observed at the G2 Refer to Page 05. 7 
test point of the sense amplifier. In each case, allied 
circuitry has been eliminated as a possible cause of the 
peaking conditions noted, so that the waveforms reflect the 
true characteristics of the core itself. Observation of the 
conditions shown do not necessarily imply defective cores, 
This is based on the fact that since core characteristics 
are known to vary, the criterion to be used to determine 
a core's acceptance 1s proper memory operation; that is, 
if margins are good, and reliable memory operation‘is 
present, the core is acceptable. Under these conditions, 
it is always considered good practice to record the location 
of the suspect core(s) for future failure analysis. This 
course of action is particularly important because it is 
conceivable that at some future date, under adequate mar- 
gins, theee cores will probably be the first to fail. 


3, Refer to Maintenance Handbook #13 for the proper procedure 
to follow if a ferrite core is suspected of causing failures. 


G. Summary Questions: 
1, Answer the following questions True or False: 


a. Half select noise may be much larger than a one Signal. 


b. The gate conditioned by the one signal is not strobed 
until the half select noise pulse is reduced to near zero, 

c. The half select noise from positive and negative cores 
should completely cancel. 

d. 127 cores can be half selected at one time. 

e. There will be 63 positive and 63 negative half selected 


cores during the read portion of a memory cycle, 


f. The polarity of a core is determined by the direction of 
‘ X and Y drive current thru the core. 


g. The sense amplifier must be designed to condition a 
gate when either a positive or a negative one is read. 


h. If a core peaks too early the gate may not be 
conditioned by a one when the sample pulse occurs, 
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VI. 64% Ferrite Core Array 
A. Physical Description 


‘.1, The 64% ferrite core array contained in Unit 11 is the Refer to Page 0380 
_ principal component of core memory 2 since it is the infor- 
mation storage center of this memory device. 


2. The storage capacity of the 644 ferrite core array is equal Refer to Logic 
to 4,096 words of 34 bits each. Since a single core can 0.1.7 
store one bit of information, the array contains 4,096 x 
34 or 139, 264 ferrite cores. These cores are arranged 
in a 3-dimensional array in which each horizontal layer or 
digit plane contains 4,096 cores arranged in a 64 x 64 Refer to Page 0400 
square formation. The 34 digit planes of this array are 
stacked vertically, and the X and Y selection windings of 
these planes are interconnected to form the X and Y 
selection windings of the array. Actuation of the current 
drivers associated with one X and one Y selection winding .. 
will mutually affect the vertical column of 34 cores (one core 
in each plane) that represent the selected memory register. 
Since only 33 of these digit planes are connected to sense 
amplifier and digit plane drivers, only 33 planes can be 
active at any time. The 18th plane of the array, which is 
required to provide for the symmetrical wiring of the array, 
is used as a spare plane, 
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2, Inhibit Winding 


a. The inhibit winding of each active digit plane of the 642 Refer to Pg. 0170 

ferrite core array is associated with an individual digit 

plane driver. During the execution of a memory cycle 

each digit plane driver is controlled so that a read 

current pulse will be applied to the associated inhibit . 

winding during the write portion of the cycle if it is 

required to inhibit the writing of a 1 in the selected 

core of the plane. 


b, The inhibit winding of each digit plane con3ists of a Refer to Pg. 0430 
1-turn winding which is wound through all the cores and Logic 0,1.7 
of a plane in parallel with the Y selection windings. 

Because the direction of this winding is. alternated 

in adjacent rows of cores, the inhibit current pulse 
effectively flows in opposite directions through 

alternate rows of cores. Since write current pulses Refer to Pg. 0450 
(negative) are applied to adjacent Y selection windings | 
in opposing directions, the proper connection of the 

digit plane driver will cause the individual magnetic 
fields set up by the inhibit current pulse and the Y 
selection winding write.current pulse in each core of 

the selected row of cores to completely cancel each' 
other. To illustrate this point, consider the following 
example, which assumes that the digit plane shown 
represents the topmost plane of the array. Under this 
condition, a read-write current driver will be connected 
to the Y-O selection winding on the right side of the 
array so that the direction of this winding through this 
plane will be from right to left. The digit plane driver 
for this plane is connected to pin I1 of the next lower 
plane. Asa result of the internal array wiring (jumper 
wires serially connected from pin I1 of the even- 
numbered plane to pin I8 of the odd-numbered plane), 

the direction of the inhibit winding through the Y-O 

row of cores will be from left to right, Since the Y 
selection winding write current and the inhibit current 
are flowing in opposite directions, the magnetic fields 

set up by these two. windings.will be in opposite directions 
for each core in the Y-O row of cores. The net result 

is that these two fields cancel each other in each of the 
mutually affected cores. 


c. Because the X and Y array selection windings are formed 
by serially connecting the similarly numbered drive lines 
of adjacent planes, the direction of read-write current 
flow in the similarly numbered drive lines of adjacent 
digit planes will always be in mutually opposing directions. 
To compensate for the effects of the winding reversal of 
the similarly numbered X and Y drive lines of adjacent 
planes, the direction of the inhibit winding must also be 
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reversed in adjacent planes. In the 64° ferrite core 
array, the inhibit winding reversal is accomplished 

by the physical inversion of alternate planes of the > 
array. To illustrate the manner in which this is 
accomplished, consider the inhibit winding connections 
of the odd-even pair of planes shown. From the 
previous example, it was determined the inhibit 
winding of an odd-numbered plane is wound through the 
Y-O row of cores ina left to right direction, Thus, 
for an even-numbered plane, the inhibit winding must 
be wound through its Y-O row of cores ina right to 
left direction. The digit plane driver for an even- 
numbered plane is connected to pin I1 of the associated 
odd-numbered plane. As a result of the intemnal array 
wiring (jumper wires serially connected from pin [1 of 
an odd-numbered plane to pin I8 ofran even-numbered 
plane) and because the plane is relatively upside down, 
the direction of the inhibit: winding through the Y-O 
row of cores of the even-numbered plane will be from 
right to left. 


3, Sense Winding 


a. The sense winding of each active digit plane is as- Refer to Pages 04°“ 
sociated with a differential input sense amplifier and 0450 
which functions to amplify the induced voltages 
produced by the switching action of each core in the 
plane. Each digit plane has two separate sense wind- 
ings (labeled 1 and 2) which are connected in series 
by means of internal and external jumper wires to 
form one long winding. Each individual sense winding 
which passes through half of the cores of the plane 
follows a diagonal path in order to minimize the capac-. 
itive and inductive coupling between itself and the other 
windings of the plane. The two ends of the sense wind- 
ing (S1 and S2)are connected to the differential input 
sense amplifier so that only the induced voltage will 

‘be amplified, That is, since capacitive-coupled voltages 
do not produce a difference voltage between these two 
terminals, they will be rejected by the amplifier. 


4. The left-half) word bits (S-15 and Parity) are processedin Refer to Logic 
Unit 10. The Inhibit and Sense connections for these bits 
enter on the left rear corner of the array. 


5. The right-half word bits (S-15) are processed in Unit 12. 
Thé inhibit and Sense connections for these bits enter 
on the right rear corner of the array, 
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C. Summary Questions: 


1. Answer the following questions True or False: 


. ae 


b. 


d. 


eC. 


One address in memory is a vertical row of 33 cores. 


The. 18th plane is a dummy plane. 


. It is necessary to change only four wnores when replacing 


a bad plane with the spare. 
Odd numbered plane joutput are processed in unit 12, 


DPD current from unit 10 enters an even plane. 


2. Complete the following statements: 


a. 


. . 
= 


b. 


There are ferrite core planes in the 642 
memory array. 


Each drive winding goes thru ferrite cores. 


Adjacent drive lines have current flowing in 
directions. | 


; The sense winding was wired in the present manner for 


cancellation of noise, 


. Both ends of the sense winding connect to the 
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VII. Overall Logic of 64° Memory 
A. Selection Section 


1. Selection of the 64% core memory register from which in- 
formation is to be read, or into which information is to be 
stored, is controlled by the selection section. This 
section contains the flip-flop memory address register 
which is composed of 12 flip-flops. Six of these flip-flops 
and a diode matrix decoder are associated with the X 
portion of the selection section; the other six flip-flops 
and a second decoder are associated with the Y portion. 
The two portions operate similarly and are controlled 
simultaneously to select one X and one Y core memory 
current driver. Since the two portions of the selection 
section are exactly the same, the following discussion 
will deal only with selection of an X driver. 


Note: Bit identification 


1. X - MAR - (R10-R15) 

2. Y - MAR - (R4 - RQ ). 

3. Odd-Even Bits (R9 and R15) 

4. X bits 10-14 are utilized to select one pair of X Use Page 2890 to 
lines (i.e. O-1, 2-3, 4-5, etc.). The odd-even select an address 


bit (R15) is then used to determine which of the 
two lines is actually selected. If RI5isa"]", 
the odd line is selected and if a''0"', the even 
line is selected: As opposed to having an AND 
circuit for each line, this System allows the 
use of fewer diodes. | 


2. At the beginning of each memory cycle, the memory address: 
register flip-flops are reset by a clear-memory-controls 
pulse from the instruction control element. Approximately 
0.6 usec later, new address information is transferred to 
the memory address register from either the program counter, 
the address register, or the IO address counter. The output 
levels from both the 1 and 0 sides of five of the flip-flops 
(bits R10 through R14) are supplied to the diode matrix 
decoder, and the output of the sixth flip-flop (R15) is fed 
to the memory gate generator circuits. The information 
which the decoder accepts from the five flip-flops is decoded 
in diode negative AND circuits to select one of 32 output 
lines. The 31 non-selected lines have an output level of /10V; 
the selected line has an Output level of -30V. The selected 
output level is amplified by two Matrix Output Amplifiers to 
partially condition two adjacent core memory drivers, one 
for an even address and one for an odd address. One of these 
two drivers is then further selected by the proper memory 
gate generator. (MGG) 
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NOTE 
The memory gate generators are logical AND circuits, 
each requiring both a d-c level from the sixth memory 
address register flip-flop and a read or a write level 
from the timing and gating section. Four memory. 
gate generators are used, two for reading (read odd, 
read even) and two for writing (write odd, write even). 


3. If the sixth memory address register flip-flop is in the 
cleared state, the d-c level from its 0 side is at / 10V 
and conditions the read-even and write-even memory gate 
generators. When conditioned by a read or a write level 
from the ‘timing and gating section, theese generators 
activate the read or write lines of the 32 even-core 
memory drivers and cause the selected current driver 
to generate a read or write current pulse. If the sixth 
flip-flop is set, it conditions the read-odd and write- 
odd memory gate generators, which;. in turn, activate the 
read or write control lines of the 32 odd core memory — 
drivers, When these gate generators are conditioned by a 
read or a write level from the timing and gating section, 
the partially selected current driver will generate a read 
or write current pulse. 


NOTE 
In the Y selection section, the outputs of bits R4 
through R8 are supplied to the diode matrix de- 
coder and the outputs of bit R9 are used to select 
the odd or even pair or memory gate generators, 


4. The X and Y COre memory drivers, which are partially 
conditioned by the diode matrix decoders through the matrix 
output amplifiers, are further conditioned at the proper 
time by a read or a write pulse from the selected memory 
gate generators described above, The selected X and Y 
drivers supply current pulses to an X and a Y line of the 
core memory array, These current pulses are of suf- 
ficient amplitude and duration to half-select the cores 
on the respective lines. At the intersection of the two 
lines, the individual half-select current pulses are alge- 
braically added to apply a full-amplitude current pulse to 
the selected core. Overall operation of the core memory 
drivers is the same during the read and the write functions, 
except that the polarity of the output is reversed. 
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B. Selection Section Circuits 


1. Diode Matrix Decoder (DMD) 


NOTE: The following sid casa can be applied to the X DMD 
and/or the YDMD: : 


a. Comprised of 4 sets of negative AND circuits, each 


b. 


Ce. 


having 8 output lines. 
Used to select one of 32 possible output lines, 


Inputs - Zero and one levels from the MAR flip-flops 


(A10OV or -30V. ) 


d, Outputs - one selected line at -30V, 31 non-selected 


lines at /10V. -:‘Each line feeds 2 Matrix Output Amplifiers. 


2. Matrix Output Amplifier (MOA) 


a. 


Comprised of inverter amplifier and cathode follower. 
(MOA is comprised of 1/2 of 2 tubes.) 


. Used to invert and amplify the DMD ‘signal. 


Input - one line from DMD feeds 2 MOA's. 
1) Selected input - -30V 
2) Non-selected input - /10V 


. Output - each MOA feeds both grids of 1 Core Memory 


driver. 
1) MOA - Input 410° Output 410 
2) MOA - Input -30 Output /90 


e. 64X MOA's and 64 Y MOA's - 1 per Core Memory Driver. 


3. Core Memory Driver (CMD) 


a. 


b. 


Cc. 


Comprised of two triode amplifiers housed in one 
envelope. 


When selected, one half of tube supplies current during 
read time and other half during write time. 


Inputs 


1) Control grid conditioning voltage from MOA 
(490 V selected, /10V non-selected). 


2) Cathode conditioning voltage from Memory Gate 
Generator (/100V selected, 4180V non-selected), 
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Note: 'Read MGG" conditions 1 cathode during 


read time and the write MGG conditions 
the second cathode during write time. 


d. Output- Approximately 410 ma to the associated X or 
Y winding. — 


e. 64°X CMD's and 64 Y CMD's - 1 per line, 
f. 1 ny CMD and '"Y" CMD conduct for'] given selection, 
4. Memory Gate Generator (MGG). 
a. Used to half select all odd or all even CMD's (X or Y), 
b. Logically comprised of a gate feeding a cathode follower, 
c. Inputs (to gate tube) 
1) Supressor grid conditioning voltage from 
odd-even flip-flops (R9 or'R15). (.g10V 
selected, -30V non-selected. ) 
2) Control grid conditioning voltage from Read or 
Write FF. It should be noted that this input is 
capacity coupled, — 
d. Output - conditioning level to cathode of 32 CMD's, 
Note: Cathode resistance of the MGG cathode 
follower is variable to be able to adjust 
the amount of current through the CMD's. 
e. 4X MGG's and 4 Y MGG's. 
Note: The following breakdown can be used to illus - 
trate either the X MGG's, the Y MGG's or both. 
In the examples given, X MGG's will be assumed.. 
1) Read Even MGG 


#*. 


a) Conditioned when the Read FF is Set and the 
Odd-Even FF (Bit 15) is clear. 


b) Conditions the Read" portion of the 32 
even CMD's. | 
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2) Read Odd MGG 
a) Conditioned when both the Read FF and the Odd- 
Even FF (Bit 15) are ire set. 
b) Conditions the ''Read"! “portion of the 32 odd CMD's.. 


3) Write Even MGG 
a) Conditioned when the Write FF is Set and the Odd- — 
Even FF (Bit 15) is cleareConditions the "Write"! 
portion of the 32 even CMD's. 


4) Write Odd MGG 
a) Conditioned when both the Write FF and the Odd- 
Even FF (Bit 15) are set, 
b) Conditions the ''Write'" portion of the 32 oddCMD's. 


Note: Each MGG conditions 32 cathodes. It should also be 


noted, however, that only one of these 32 should have 
its grid conditioned at the same time, Therefore, 
during read time the read portion of only 1 X CMD 
should conduct and during write time the "write" 
portion of the same CMD should conduct. Since the 

Y circuitry is identical, it can be seen that 1X and 

1 Y CMD conduct for any given selection. 1 MGG 

can supply sufficient current for only 1 CMD. If, 

due to some malfunction, an attempt is maieé to drive 
2 or more CMD's the selection will fail. 


C. Sense Section and Memory Buffer Register 


l. 


The sense section of the 642 core memory consists of 33 
amplifiers and 33 gate tubes, one set for each plane of the 
core memory array. Each individual sense amplifier 
amplifies the output voltages induced in the sense winding 
of the associated plane. 


The output of a sense amplifier - a nonstandard pulse which 
is positive regardless of the polarity of the input signal - 

is applied to and conditions a gate tube circuit. If the 
selected core contains a 1 prior to being read out, the gate 
tube, when sampled, provides the standard pulse required 
to activate the memory buffer register. The gate tube is 
sampled by a standard pulse gated by the sample gate gener- 
ator. The time relationship between the sense amplifier 
output and the sample pulse is adjusted. so that the sample — 
pulse occurs-at Approximately the peak of an amplified 1 
Output signal. Thus, if a core containing a 1] is read out 
during a readout cycle, the sampled gate tube develops an 


output which sets the associated memory buffer register 


flip-flop to the 1 state. If the core contains a 0, the flip- 
flop remains in the 0 state. 


3, 
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The output of the 0 side of the memory buffer register flip- 
flop conditions an associated digit plane driver in order to 
provide the necessary control to subsequently restore the 
original content to the selected core. If the core contains 
al prior to readout, the X and Y write current pulses write 
a 1 back into the core, However, if the core contains a 0 
prior to readont, the associated digit plane driver is con- 
ditioned, resulting in the generation of an inhibit current 
pulse (coincident with the X and Y write current pulses) 
which prevents the writing of a 1, thus effectively writing 
a 0. 


D, Inhibit Section 


Note: For most Memory Cycles, the same information that is ~ 


l. 


E. Timing and Control Section 


read from a location is replaced in that location, Since it 

is inherent in this system that, when writing is performed we 
always try to write a''l'', some system must be intro- 
duced to allow the retention of a zero where a zero is 
desired, This is the function of. the Inhibit Section. 


The digit plane driver section consists of 33 functionally 
identical circuits, one corresponding to each active plane 
of the core memory array, These circuits function to 
supply the inhibit current pulses to the associated planes. 


The output of a digit plane driver is a negative current 

pulse having an amplitude of approximately 410 ma. Because 
of the inhibit winding geometry, the inhibit current pulse 
has the same effect as a half-select current pulse in the 
read direction. To inhibit the writing of a 1, the inhibit 
current pulse (effectively 4 1/2 amp) adds algebraically 

to the X-write current pulse (- 1/2.amp) and the Y-write 
current pulse (- 1/2amp)-to produce an effective field of 

- l1/2ampturns. (41/2) # (- 1/2) # (- 1/2) - - 1/2 


, The input stage of each digit plane driver consists ofa note: Logic 0.1.7 


gate tube which is conditioned by the 0 side of the as- should indicate DPD. 
sociated memory buffer register flip-flop when the inputs from memor 
selected core contained a 0, The other input to this gate buffer FF come from 
tube is supplied by the inhibit gate generator, whichis Bg pins (clear outpvu* 
located in the timing and gating section. The output of of FF) 

the gate tube supplies a cathode follower, a differential 

amplifier, and a d-c power amplifier which drives the 

low-impedance, high-current inhibit winding of the core 

memory array plane. ° 


1. The timing and gating control section of the 64% core 


memory receives the start-memory pulse from the program 
element for both types of memory cycles and during the 
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execution of a memory "store" cycle, this section also receives 
The inhibit-sample pulse from the instruction control element. 
The timing and gating section provides the three gate signals 
and the sample pulse to operate the various portions of the 

core memory in proper sequence. : 


Clear Memory Controls - TP-O -_. Refer to Logic 0,1. 4 
f 
a. Clear MAR to all l's Note: The read and 
b. Clear Sample FF. write FF's (X & Y) and 
: the inhibit FF's (left and 
Start Memory right) will be clear at 
this time as a result of 


a. PT-O delayed the last memory cycle, 
b. OT-O delayed 
C, BI-O . ielayed 
d. BO-O delayed 


The start-memory pulse is applied to the memory time pulse 
distribuotr, which is a chain of delay lines. The start- 
memory pulse delayed 0.1 usec is used to set the read-gate 
generator. This is subsequently cleared by the start-memory 
pulse delayed approximately 2.2 usec. The 1l-side output of the 
read gate generator, which is a positive pulse, is applied to the 
selection section and determines the timing and duration of the. 
read-current pulse that is supplied to the selected X and Y 
driver lines. 


The sample gate generator of the timing and gating section 
deffers from the other gate generators in this section in 
‘that the O-side output controlsa.gate tube wiich is sampled 
by the sample pulse from the memory time pulse distributor. 
During a memory "readout" cycle, the inhibit-sample pulse 
is not generated, and the sample gate generator remains in 
the o state. In this condition, the gate passes the sample 
pulse to the sense section approximately 2.0 usec after the 
start memory pulse is initiated. During the memory "'store'! 
cycle, an inhibit-sample pulse from the instruction control 
element is supplied to the sample-gate-generator flip-flop, 
setting the flip-flop to the 1 state. Thus, the gate tube is 
deconditioned when sensed by the sample pulse. 


a. OT "B'' -3 on Store class instruction 


b. BI -3 on an I/O operation 
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c. Sets Sample FF which inhibits the sample pulse. This 
prevents the information read from the selected address 
from being placed in the Memory buffers. Therefore, new 
information can be placed in the buffers and, during the 
write cycle, this new information will be placed into the 
selected register. 


The write-gate-generator flip-flop receives a set-write 

pulse from the memory time pulse distributor approximately 
2.8 usec after the start-memory pulse is initiated and receives 
a clear-write-gate-generator pulse approximately 1.9 usec 
later. The resultant output pulse from the write-gate-generator 
flip-flop, which is approximately 1.9 usec in duration, is 
applied to the selection section and determines the timing and 


duration of the write current pulse that is supplied to the 


selected X and Y driver lines. 


The inhibit gate generator is similar to the read and write gate 
generators in operation and function. The set-inhibit pulse is 
supplied by the memory time pulse distributor approximately 
2.6 usec after the start-memory pulse is initiated. The clear- 
inhibit pulse (from the same source) is received approximately 


4.9 usec after the start-memory pulse is initiated. The l-side 
output pulse of the inhibit-gate-generator flip-flop is approximately 


2.3 usec in duration and overlaps the write-gate-generator output. 
The inhibit gate is applied to the 33 digit plane drivers; however, 
only the drivers which are conditioned by the associated memory 
buffer register flip-flops can generate an inhibit current pulse. 


Outputs from clock 


a. Set Read X¥& Y (SM # .1) Refer to Page 0550 


b. Sample Pulse (SM # 2.0) 

c. Clear Read X & Y (SM / 2.2) 
d. Set Inhibit (SM / 2. 6) 

e. Set Write (SM # 2. 8) 

fs Clear Write (SM #/ 4.7) 

g- Clear Inhibit (SM # 4.9) 


NOTE: Clock is merely a series of delays; once started, it 
cannot be stopped, 


0550 


— + + 
al 2) | Z| 
uo 2, 2) o| 
oO 
o> | | | 
5% | | | 
3a] [so eayre red ee yd ee tre gre | ou | 
ae; f° “BT ss 7 esr esp7 |-3ir 7 est] | 
ka 2 | | | 
aa | | | | | 
ae | “ | = wo l Pine | Tv} = | 
i (a = 7 sal EE (ee ———~|——-|-—-—--4 
y) 
a 
© 
= 
a 
© 
O 
z e . = F 
S = = < = uw = = 
Ww WwW tJ po ae 
é = uJ & <= a =. < 
oO al od = = 1 a 
4 < if a 4 rf if 4 = 
3 i a w” oO “” w”) O Ss) 


“~ 


1 USEC/CM 


20V/CM 








MEMORY PULSE DISTRIBUTOR, WAVEFORM ANALYSIS 


Core Storage Element 


F, Summary Questions: 


1. Answer the following questions True or False: 


a. 


b. 


eC. 


An MGG is conditioned by two -30V levels. 


Four MGGs will be fully selected each memory cycle, 


After a memory cycle is once started it cannot be 
stopped by normal computer operation. 


No sample pulse leaves the memory clock during 


a store cycle. 


The memory clock is a series of delays. 


Complete the following statements: 


a. 


b. 


When selecting a''Y'' address, bits are used. 


Bits | determine whether even or odd addresses will 
be selected, 


— 


. The DMD is used to select one of _ possible lines-and 


the selected line output voltage is 


oad 


The output of the DMD will condition two whereby 
the DMD output voltage is and amplified. 

e, The CMD will be conditioned by the _and the ; 

f. Outputs of the Read/Write FF and Odd/Even FF will 
condition the i : 

g. The will be conditioned by the zero side of the 
Memory Buffer FF and will produce of current. 

h, Approximately will be induced in the - winding 

* when a selected core is switched from a one to a zero. 

i.’ Inhibit current flows through a core in the same direction. 
as the current in winding. 

j.. There are . CMDs in each 642 memory. 

k. There are MOAs in each 64% memory. 
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VIII. Diode Matrix Decoder 
A. Operation 


1, The following explanation is for the Y DMD, but, with Refer to Page 0590 
the exception of bit designations, it could also apply to 
the X DMD. : 


a. The ''power" and ''not power" philosophy (i.e. 2! and 2-7) 


1) Bits are labeled from the least significant bit of a 
word (R15) towards the most significant bit (R4 
in this case. ) 


2) The ''0"' power is then used to indicate the least 
significant bit and as progression is made toward 
the most significant bit, 1 power is added for each 
bit (i.e. R15 - "0", R14-1, R13 =2, R4="11"'), 


3) The "power" (27) and ''not power"! (2-") are used to 
indicate respectively the set and clear sides of the 
R8 F.F, ~ 


b. DMD is divided into 4 equal Sections which are located 
on the 4 Y driver panels. (YA, YB, YC & YD). 


1) YA feeds lines 0-15)9 (0-178). 
2) YB = 16-31j9 (20-378) 
3) YC = 32-4719 (40-578) 
4) YD = 48-63, ,¢ (60-778) 


2. Load the Y MAR F.F.'s with 34, and develop the negative Refer to Page 05 
AND circuit which will condition line 34g - 35, coming 
out of the Y DMD. It should be noted that a Y selection 
of 35g brings this line up also. 


a. With 64,9 possible Y selections, it can be seen at this 
time that, with the use of the.Odd-Even bit, there need 
only be 32), negative AND circuits feeding out of the 
DMD since each output feeds 2 Y MOA's which in turn 
feed 2 Y CMD's. The one actually used will be determined 
by the Odd-Even bit. 


3. The action of Open and Shorted diodes. Refer to Page 06 
Jae 


a. Open diode 


1) The line containing the open diode will select ee 
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TEST CHART FOR DIODE-MATRIX DECODER. 

Matrix Diodes | *Octal Address Groups 

2! or 2! 0,1, 4, 5, 10, 11, 14, 15, 20, 21, 24, 25, 30, 31, 34, 35, 40, 41, 44, 
45, 50, 51, 54, 55, 60, 61, 64, 65, 70, 71, 74, 75. 

a7! or a7? 2, 3, 6, 7, 12, 13, 16, 17, 22, 23, 26, 27, 32, 33, 36, 37, 42, 43, 46, 47, 
52, 53, 56, 57, 62, 63, 66, 67, 72, 73, 76, 77. 

2” or 2° 0, 1, 2, 3, 10, 11, 12, 13, 20, 21, 22, 23, 30, 31, 32, 33, 40, 41, 42, 43, 
50, 51, 52, 53, 60, 61, 62, 63, 70, 71, 72, 73. 

277 or 278 4, 5,.6, 7, 14, 15, 16, 17, 24, 25, 26, 27, 34, 35, 36, 37, 44, 45, 46; 47, 
54, 55, 56, 57, 64, 65, 66, 67, 74, 75, 76, 77. 

2° or 29 0-7, 20-27, 40-47, 60-67. 

279 or 279 10-17, 30-37, 50-57, 70-77. 

24 or 210 0-17, 40-57. 

2-4 or 2710 20-37, 60-77, 

2° or 2!! 0-37, 

279 ox gull 40-77, 


a 


Note: *In the listed data, a diode is shorted if all the addresses in the group fail except 


two, Thcsddeess Pall tireedees.nat fail contains the defective diode, 
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properly but will cause a failure when some other 
line is selected. 


EXAMPLE: Assume the diode connecting line Refer to Page 0590 
"0-1" tothe 2" F. F. (R4) is open. When a 
selection of ''0" or'''1"' is made the circuitry, 
Operates properly, However, whena selection ~* 
of 40g or 41, is made, this selection plus line 
"Q-1"' will be at -30 volts, this will cause the 
selection to fail since the selected MGG will be | 
trying to drive 2 CMD's and it is not capable of 
Oing this. 






rted diode 


The line containing the shorted diode will select Refer to Page -590 
roperly but will cause a failure when various 
other lines are selected. 


EXAMPLE: Assume the diode connecting the ''0-1"' line to the 
2"' F, F, is shorted. When a selection of ''0" or "']" 
is made, the circuit operates properly. However, 
any other selection which has a ''0"' in the bit R4 
position will fail since this will cause the 2" line to 
go to -30V and will cause the ''0-1"' line to be selected. 


NOTE: Work several problems with open and shorted diodes. 
B. Summary Questions: 
1. Answer the following questions True or False: 
a. 2! represents the clear side of a FF when the FF is set. 
b. Five diodes are used on each DMD output line. 
c. Each Y driver panel will half select 32 drive lines. 
d. Each selected DMD output conditions two MOA circuits, 


e. An open diode in the DMD can cause two lines to be 
selected at one time. 


; . 
f. A negative AND circuit is the same as an OR circuit. 


2. Troubleshooting Questions | 
a. Diode feeding X address line 26, 27 from the 2° FF is open. 
This will cause what other X address line to be selected 
simultaneously with 26, 27? 
b. Diode feeding Y address line 52, 53 from the 28 FF is open. 
This will cause what other Y address line to be selected 
simultaneously with 52, 53? 
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c. Diode feeding Y address line 42, 43 from the 2!9 FF ig 
open. This will cause what other Y address to be selected 
simultaneously with 42, 43? 


d. Diode feeding X address line 74, 75 from the 2-9 FF is 
open, This will cause what other X address line to be 
selected simultaneously with 74, 75? 





A. Power:Cathode Followers 


1. Function 

a. The power cathode follower (PCF) ia a nonlogic circuit 

' that amplifies power. It is essentially a modified cathode 
follower circuit designed to satisfy the comparatively 

‘large power requirements of specific types of loads. 

Its high-input and low-output impedance makes the circuit 
particularly useful as an isolating device, driving low- 
impedance loads from a high impedance source. Circuit » 
features are incorporated into the PCF to regulate the 
output levels and to maintain or shape the output waveform. 


b. There are 25 models of the PCF employed in AN/FSQ-7 
and AN/FSQ-8 equipment, each adapted to the driving 
requirements of its respective load. For example, 
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NOTE: 
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some PCF's are specifically designed to amplify pulse Refer to Page 0670 
power, others to amplify level power; some PCF's are | 
employed to drive only resistive loads, others to drive 

only capacitive loads, and still others to feed resistive~- 

capacitive loads. Each of the 25 models belongs to one 

of two general groups: standard PCF's and special PCF's, 


c. All of the 18 standard PCF's have the same general Refer to Page 0630 
circuit configuration; each circuit consists of an input and Logic 0.1.5 
differential amplifier section and an output cathode (c PCF's) 


follower section. Degenerative feedback is employed 
between the sections to stabilize the output voltage. 

The output is clamped at its lower level. The most 
significant difference between the standard PCF's is 
the number of parallel sections in the output cathode 
follower section. If the rated plate current of a single 
tube is insufficient to provide required power output, 
One or more triode sections are added in parallel. The. 
next most significant difference between these models 
is the value of cathode output resistors. A large cathode 
output resistance is desirable when driving a resistive 
load; a. Small cathode output resistance would make for 
a fast fall time where a capacitive load is fed. A com- 
promise value is used for a resistive-capacitive load. 


2. Principles of Operation 


a. All PCF's both standard and special, consist of an Refer to Page 0630 
input differential amplifier and an output cathode 
follower section. Specific models employ degenerative 
feedback to stablize the output voltageand output clamp- 
ing to protect subsequent circuits. The feedback is - 
applied to the differential amplifier, and in effect, | 
adjusts the voltage applied to the cathode follower section 
maintaining the PCF output at a constant level for a | 
given input level. 


-b. A simplified differential amplifier consists of a cathode Refer to Page 0650 
follower (V)) and an amplifier (V2).’ The inputs (input 1) 
to the cathode follower section of the differential ampli- 
fier are usually /10V and -30V levels. The output of V1 
is direct-coupled to the cathode of V2 (common cathode 
resistor R] is used.) The other input (input 2) to ampli- 
fier V2 is a portion of the output voltage of the PCF. 
Amplifier V2 amplifies the difference in potential between 
its grid and cathode. 


Q 


If the PCF output voltage should rise for a given input, 
the feedback to the grid of V2 becomes more positive and 
the plate voltage drops. This decrease in plate voltage in 
turn causes the output voltage to drop. 


+150V +250V +390V 
e e e 
, R2 
f 16K 





V3 
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Power Cathode Follower, Model A, Schematic Diagram 


POWER CATHODE FOLLOWER, 
MODEL A, FUNCTION OF DETAIL PARTS 








REFERENCE 
SYMBOL FUNCTION 
C1 Speedup capacitor 
; C2 Feedback capacitor (speedup) reduc- 


CPCF WAVE FORM 
+10V TO el4Vv 


[ CR1, CR2, CR3 Output clamping diodes 
R1 Common cathode resistor for V1 and 
V2 


ing positive and negative overshoot 


- 20v TO -30Vv 
RISE TIME -0.5 USEC MAX, R2 Plate load resistor for V2 
FALL TIME - 0.S USEC MAX. 
R3, R4 Voltage divider 
R5 Cathode resistor for V3 
R6, R7 Feedback voltage divider network 


R8, R9, R10 Current limiting and equalizing re- 
sistors for CR1, CR2, and CR3, re- 
spectively 
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3. Standard Power Cathode Followers 


a. Since all the standard PCF's are basically the same, 
only the model A (aPCF) will be discussed in detail. 


b. The nominal inputs to the aPCF are /10V and -30V Refer to Page 0650 
levels, With the input at 410V the common cathodes 
of Vl and V2 are approximately 411V. Assuming that 
there is an output voltage of /13,5V at the cathode 
of V3, the grid of V2 is set at a voltage (/7V) deter- 
mined by the attenuating network composed of resis - 
tors R6 and R7. The resultant voltage at the grid 
of V2 holds the tube close to cutoff, fixing the plate 
potential at 4194V. A proportionate voltage is applied 
to the grid of the output circuit through voltage divider 
network R3 and R4 (/10V), which causes V3 to conduct 
heavily and maintain the output voltage at 413.5V. 


If the output voltage drifts below /13.5V, the voltage 

at the grid of V2 falls. This causes a reduction in plate 
potential of V2 and a resultant increase in the plate | 
potential of V2 and the grid of V3. With a more posi- 
tive grid, the plate current through V3 increases , 
causing the output voltage to rise to 413.5V. Similarly, 
if the output voltage drifts positive , the grid of V2 
becomes more positive, increasing conduction and 
lowering the plate potential of V2 and the grid potential 
of V3. This reduces the plate current of V3 and causes 
the output voltage to fall to 413.5V. 


e) 
® 


d. Assume that the input level is now -30V; the common 
cathode potential of Vl and V2 is approximately -26V. 
With an output of -32V (balanced condition), the voltage 
fed back to the grid of V2 is -28V. The resultant bias 
on the grid of V2 fixes the plate voltage of V2 at /100V. 
As a result of voltage divider R3 and R5, the grid voltage 
of V3 equals -50V and an output voltage of 532V is devel- 
oped at the cathode of V3. Changes in this output level 
are fed back to the grid of V2, causing the output to be 
restored to its normal level in the same manner as 
described above. | 


e. Capacitor Cl compensates for the transition time loss 
caused by voltage divider R3 and R5. Capacitor C2 is 
a speedup capacitor in the feedback network which reduces 
positive and negative overshoot in the circuit. Clamping 
diodes CRl, CR2, and CR3 protect subsequent circuits 
should the 490V supply fail and also clamp the lower out- 
put level at approximately -32V. 


POWER CATHODE FOLLOWER, MODEL-DISTINGUISHING CHARACTERISTICS 















































INPUT LEVELS | STAGE COMPLEMENT OUTPUT LEVELS 
DIFFERENTIAL OUTPUT 
AMPLIFIER | SECTION 
INPUT — ——————— _ INTER- 
UPPER LOWER CATHODE CATHODE _MEDIATE CATHODE OUTPUT UPPER LOWER 
MODEL (volts) (volts) FOLLOWER FOLLOWER AMPLIFIER DRIVER FOLLOWER RESISTANCE -(volts) (volts) 
A +10 —30 — , 1 | 1 ee 1 1.8K 412.75 +2795 —32.5 +2.5 
B +10 — 30 — 1 1 — 1 1.8K 412.75 42.75 —16 +1 
*C “410 —30 a = = 8 3.7K 412 +2 —25+5 
*F +10 © —30 2 20 2 1 3 600 +6.5 +1.5 24 +4 
F +10 —30 _— 1 1 — 2 27K +12.75 +2.75 —30.5 +3.5 
G +10 —30 — 1 1 — 4 27K +13.4 +3.4 —30 +4 
H +10 —30 —_ 1 1 —_ 3 "900 +13.5 +1.5 —24 +40 
J +10 — 30 —_ 1 1 —_— 3 700 +12.0 +2.0 —32 +2 
K +10 — 30 — 1 1 — 1 450 '+13.0 +3.0 —29 +3 
N +10 —30 — 1 1 — 4 450 45.5 +55 —24.5 +4.5 
P +10 —30 _ 1 1 — 4 600 +130 +40  —30 +5.0 
i *Q +10 —30 1 2 2 — 4. 1.8K 412.55 +1.25 —30 +3.0 
R +10 —30 — 1 1 — 10 200 +5.5 +5.5 —24 +4.0 
Ss 0 —15 — 1 1 — 8 900 43.35 +3.35 —23 +3.0 
T +10 —30 —_ 1 1 — 2 980 +12 +2.0 —26.5 +5.5 
U 0 —24 — 1 1 — 2 3K +5.0 +5.0 —30.5 +1.5_ 
Vv 0 —24 — 1 1 — 2 1.8K +5.0 +5.0 —30.5 +1.5 
Ww +10 — 30 — 1 1 — 3 640 +12 +2.0 —30.5 +2.5 
Y +10 — 30 — 1 1 — 6 320 +5.0 +5.0 —16 +1.0 
Z +10 —18 — 1 1 — 3 900 +8.0 +5.0 —16 +1.0 
*AA +10 —30 — — 1 = 1 1.8K 412.5 +2.5  —31.5 1.5 
~ *DD = $10 —30 °° — 1 1 — 4 900 a, —61.5 +6.0 
FF +10 —30 — 1 1 — 2 1.2K 412.6 +3.0 —30 +2.0 . 
**GG +10 21 4 es. et as 1 3.2K 12.5 42.5 30 
*HH +10 —30 — 2 2 1 5 360 +12 +20 | —33 +3.0 





*S pare peer cathode followers 
**Grounded grid amplifier used instead of differential amplifier 
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4. Special Power Cathode Followers 


ae 


The special PCF's are modified standard PCF's. 
Therefore, since the fundamental building block 
of thede PCF's is a standard PCF, the special 
PCF's will only be discussed in terms of their 
modifications with respect to the aPCF, 


NOTE: cPCF used in conjunction with MAR FF's. 


The cPCF consists of an input cathode follower 
which feeds a PCF output section made up of 
eight parallel cathode followers.i:, The cPCF does 
not employ an input differential amplifier section 
and therefore does not contain a feedback loop. 


NOTE: ePCF used in conjunction with IGG FF's, 


The ePCF is employed as a pulse power amplifier 
instead of a level power amplifier. The input 
stage is an isolation cathode follower comprising 
two triodes in parallel whose output is capacitively 
coupled to a differential amplifier. The output 

of the differential amplifier is applied to the out- 
put cathode follower section through an interme- 
diate driver stage. 
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B, Matrix Output Amplifier 
te Function 


ae The matrix output amplifier (MOA) is a logic DC 
anplifying circuit which provides signal inversion 
and a shift in output signal level to either par- 
tially condition or decondition a core memory 
driver. There are 128 MOA circuits used in 
each 64“ core memory element. 


2e Principles of Operation 


ae The circuit consists of a d-c amplifier (V1), Refer to Page 0700 
a cathode follower (V2) and associated circuits. and Logic 0.145 


be The input signal is applied to the voltege divider 
network consisting of R1 and R2. When the 
input signal level is at +10V, the divider net- 
work functions to lower the signal level applied 
to the grid of V1. Because of a high postive 
grid bias on V1, grid current flows in this tube, 
causing it to conduct heavily and resulting in 
the plate voltage dropping from +90V to approxi- 
mately +10V. 


ce. When the input signal is a =-30V level the grid 
signal applied to Vi is -50V. Consequently, 
no plate current flows in this tube, making 
the cutput rise to approximately +90V. 








ns AMPLIFIER aol lack 
+90Ve aoe 
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Matrix Output Amplifier, Schematic Diagram 


MATRIX OUTPUT AMPLIFIER, 
FUNCTION OF DETAIL PARTS 





REFERENCE ; 
SYMBOL | FUNCTION 
R1, R2 Voltage divider network 
R3 Part of plate load (with 11). 
R4 . Damping resistor 
RS V2 cathode load : 
Cl Input compensating capacitor 
Lt Choke serving as _— coil in VY} 
plate load 
CR1 Crystal diode prevents v2 grid from 


becoming more than 1V positive 
with respect to cathode. 
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Information 


de The operation of V2 is ney of a standard cathode 
follower circuit. 


C. Core Memory Driver 
1e Function 


ae The core memory driver (CMD) is a logic AND circuit 
which is capable of generating bidirectional output 
current pulses. There are 128 CMD's used in the core 
memory element. Each CMD supplies read and write current 
vulses to one X ar ‘Y line of a core memory afray. The 
nominal value of these current pulses is equal to one- 
half the current needed to switch a ferrite core. Only 
one X and one Y core memory driver is fully selected at 
any one time. 


2 Principles of Operation 


ae The circuit consists of a dual triode (V1) one half of Refer to page 
which drives read pulses and the other half of which 0720 and logic 
drives write pulses. The plates of the tube are connected 0.1.5 
to a center-tapped pulse transformer. 


be. An unselected matrix output amplifier applies ap- 
proximately +10V to the grids of Vi. The cathodes are 
held at #180V by the memory gate generator outputs to 
which the cathodes are connected. As long as these 
cathodes are held at +180V, the CMD tubes wild not 
conduct since the input from the matrix output ampli- 
fier is not sufficient to overcome the positive cathode 
potential. 


ce When a read pulse is applied to the read memory gate 
generator, the output of the generator falls toward 
-300V but is caught at about +90V. This iowers the 
bias on the CMD, permitting the read side of V1 to 
conduct. When the read side of V1 is conductiong a 
current flows in the pulse transformer secondary. The 
polarity of this gurrent is defined as the read direction. 
The current ratio: of the polse transformer is 2.5 to 1. 
Consequently, a primary current of 16C_ma produces a 
current of 490 ma in the secondary, A:eurrent of this 
magnitude is necessary to drive a core to the coincident 

_ceurrent method of core selection used in the memory element. 


de When a write pulse is applied to the write cathcde of ° 
V1, the other half-tube conducts; since this current is 
in the opposite direction in ths pulse transformer pri- 
mary, the secondary current is of opposite polarity to 
equal to the read pulse, depending on how the ‘Inemory gate 
generator output is adjusted. 


Sevtember 1, 1960 
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Core Memory Driver, 
Logic Block Symbol 
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Core Memory Driver, Schematic Diagram 
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D. Memory Array Floating Ground - Odd Voltage CB 


1. The drive-line aralleled 10-ohm terminating resistors 
(effective load of 5 ohms) are not returned directly 
© groun ause it was foun at such a connection 


sarees noise on the drive li resulti in lowered 





aYrgin Hence, an accidental ground such as may be 
creodiced duringfrouble shooting (solder splash or other 
foreign matter) will adversely affect margins. 


The inclusion of the ODD V circuit breaker (CB) was 
dictated by good design practice. Sinee the memory 
array operates better without a ground connection, a 
safety hazard condition arose based on the possibility 

of a short developing between the primary (250V) and 
secondary windings of the CMD transformer. Under these 
conditions, the memory array would be hot and maintenance 
personnel working on it would be endangered. Protection 
against this possibility is afforded by the CB. The 240- 
ohm resistor, in addition to limiting the current through 
the CB, further isolates the memory array from ground. 


Summarizing: for best Operation, the memory array must 


be maintained above ground. In addition , for safety reasons, 
the memory array must be returned to ground. Both con- 
ditions are satisfied by the use of the 240-ohm resistor and 
the CB (which has an inherent resistance of approximately 
130 ohms) in a floating-ground arrangement, 


E. Memory Gate Generator 


l. 


2. 


Function 


a. The memory gate generator (MGG) is a logic vacuum tube 
AND circuit and power amplifier which controls the read 
or write pulses of @ one of 32 core memory drivers in the 
Central Computer 


Basic Operation 


a. The input signal to the suppressor grids of Vl and V2 is 
a d-c level of either 410V or: -30V. When the suppressor 
grid is at the -30V level, the tubes are completely cut 
off, regardless of the signal applied to the control grid. 
When the suppressor grid is at the /l10V level, the tubes 
are pertially conditioned and plate conduction will occur 


when a positive pulse signal is applied to the control grids. 
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Refer to Page 0730 
and Logic 0.1.7 


Refer to P, 0750 
a) 


Refer to page 0770 
and Logic 0.1,7 


The voltage divider consisting of Rl and R2 keeps the plates 


of V1 and V2 at £180V when the tube is cut off and at 440V 


when the tubes are conducting. The output voltage of V1 and 


V2 is fed to the control grids of V3 and V4. 


CORE MEMORY SELECTION CIRCUIT 
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3. Detailed Operation 


a. 


With no inputs to tubes V1 and V2, the voltage at both 

the suppressor grid and the control gridis -30V, insuring 
that the tube is below cutoff. When partially selected, 

the suppressor grid is at the /10V level. The input to 

the control grid of these tubes is a-c coupled through 
capacitor Cl and the combination of resistors R4, and 


crystal diodes CRl and CRZ2. This input supplies a 


positive pulse to the grid when a particular memory 
gate generator is selected. When the input signal goes 
positive from the -30V level to the /10V level, the 
capacitor cannot charge instantaneously and therefore 
the 40V signal is applied to the control grids of tubes 
Vl and V2. Because the input signal is positive, crystal 
diodes CR1 and CR2 do not conduct. Therefore, the. 
effective resistance coupling the input is R4 and R5 in 
series. Thus for a positive pulse input, the time con- 
stant of the coupling network is Cl times R4 plus R5, 
giving a resultant time constant of approximately 102 
usec. Since the normal input pulse length is Zz to 3 
usec, the time constant is very much larger than the 
pulse duration and very little charge is built on Cl. 


. When the input signal goes from the /10V level to the 


-30V level, the signal on the control grids of V1 and 

V2 falls 40V, However, during the time that the input 
signal is at 410V, the capacitor picks up some charge, 
and a small negative overshoot will be obtained as the 
grid signal falls toward -30V. When this happens, the 
time constant of the resistor-capacitor coupling will 

be greatly reduced because the forward resistance of 
CRI and CR2 will come into play, since a positive voltage 
will be applied to the plates of the diodes with respect 

to the cathodes. The plate voltage of the diodes is 
stabilized at -30V; however, if some negative overshoot 
exists, the voltage on the cathodes of the diodes will be 
in a position to conduct. Resistars R4 and R5, which 
parallel the diodes, are effectively shorted out, and the 
resultant time constant is slightly greater than 0,1 usec. 


‘The time constant now is a very small percentage of the 


overall] pulse duration and therefore Cl will charge very 
very rapidly, to stabilize the control grid input signal 
at -30V, ; | 


The output voltage of Vl and V2, which is normally at the 

#180 level, is supplied to the control grids of cathode fol- 
lowers V3 and V4 which are connected in parallel. Under 
these conditions, the cathode current, flowing through the 
common cathode resistor in the cathode follower circuit, 
produces an output of approximately /180V, because, since the 
tube is at maximum conduction, very little cathode bias builtup 
is present. 
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Memory Gate Generator, Schematic Diagram 


MEMORY GATE GENERATOR, 
FUNCTION OF DETAIL PARTS 


Input 
+10V TO +14V oe 
SYMBOL FUNCTION 
R1, R2 Voltage divider | 
R3 V1 and V2 suppressor grid moladon 
-20V TO -30V resistor 
RISE TIME -0.5 USEC MAX. R4, RS Equalizing resistors for CR1 and 
FALL TIME -0.5 USEC MAX. ; 
Ba TREAD AND! XeY RITE R6, R7,R8,R9 Resistor network which determines 
R10, R11 value of cathode resistance; with 
R7 as potentiometer which pro- 
; O ‘ vides for adjustment of cathode 
utput. , resistance to vary current flowing 
through selected CMD 
+i7OV TO +i82V 
Cl Input coupling capacitor 
CR1, CR2 Input clamping diodes 
S1 Selects portions of resistor network 


for cathode resistance 





*©95V TO IOG5V 
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d..When the input to V3 and V4 falls to the /40V level,. Refer to Pg. 077 
the cathodes tend to follow that fall, However, since 
the memory gate generator is used to supply current 
to one of 32 core memory drivers and the input to the 
selected CMD is at approximately a /90V level, the 
cathode of the MGG is caught at a level in the vicinity 
of 490V. As the MGG output falls, the core memory 
driver conducts, a current pulse is generated in the 
core memory driver, and the cathode follower switches 
plate control from the plates of tubes V3 and V4 to the 
to the plate of the core memory driver. Tubes V3 and 
V4 are cut off, and all current flowing through the 
cathode resistors of the memory gate generator is 
under direct control of the selected core memory driver. 


F. Digit Plane Driver, Model A 
1. Function 


a. The digit plane driver (DPD) is a logic circuit which | 
functions as a negative current pulse generator. Model 
A is used in Central Computer memory 2. 


2. Basic Operation 


a. A block diagram of the aDPD is shown. The input Refer to page 0790 
stage of the DPD consists of a d-c gate tube. The and Logic 0.1,6 
input from the memory buffer has standard levels 
of -30 and /10V. When the DPD is not to be selected 
this input is at the -30 level. When the DPD is to 
generate an inhibit pulse on its associated memory 
plane, the input is at the 410V. level. The other input 
to the d-c gate tube also has standard levels of -30 and 
#10V. When the DPD is used to generate a current 
pulse, the inhibit pulse is used to control the current 
pulse width. If the memory buffer FF is set when the 
inhibit pulse is applied, no output is generated. However, 
if the memory buffer FF is clear, application of the 
inhibit pulse to the d-c gate causes a negative pulse to 
be applied to the cathode follower. The output of the 
cathode follower is fed into the difference amplifier. 

Because of the feedback loop from the driver stage of 

the DPD, the output pulse of the difference amplifier 

isa negative signal. The negative signal is applied to 

‘the pulse amplifier which performs amplification, a 

shift in level and inversion. The output of the pulse 

amplifier is applied to the driver stage and conditions 

it, causing a current pulse to be generated by this stage. 

The current pulse developed in the inhibit winding is a 

negative pulse of approx. 410 ma, controlled in duration and of 
approx. 2,5 usec duration at the 10-percent point. 
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REFERENCE a 
SYMBOL FUNCTION 
R1,R2-_——~Pat of divider network between-V1 
grid and —150V supply (with 
CR1) INHIBIT 
GATE GENE KATCR 
R3 V1 plate load resistor Sst 
R4 V2A gtid-return resistor Digit Plane Driver, Medel A, 
RS Common cathode resistor for V2A_ Block Diagram 
and V2B 
R6,R7,R8 Form voltage divider in V2B grid 
| circuit ; 
‘R9 V3A plate load resistor 
R10 V3B grid resistor 
Ril V3B plate load resistor 
-20V TO-30V_ 
R12 V4 plate load resistor | 
RISE TIME -0.3 USEC MAX. 
R13 Equalizing resistor FALL TIME - 0.3 USEC MAX. 
R14, R15 Voltage divider connected between INMIBIT LHW-RHW ONLY 
— 300 and —150V supplies 
R16 Damping resistor | MENORY UrFEN LEVEL eet z THE OFD. THE 
CR Part of divider network in V1 grid GATE GENERATOR © SE OF THE INHIBIT 
circuit (with R1 and R2) weuencein: 
CR2,CR3 Clamp V2A grid at +10V in quies- 
cent state - 
INHIBIT 
CR4 Grid-clamping diode for V4A and , oATe 
V4B . J 
C1 Coupling capacitor ae 
C2 Shunting capacitor “1SV OCCURS BEFORE 10% RISE 
C3 Shunting capacitor : 
-_ HE INHIBIT CURRENT SHALL START AT LEAST 
C4. Coupling capacitor Sue US ar gm eomneon ay aL 
. oF evele cee ane 90% POINTS. THE ENO 
¢s erm CHER Tn SESE SoM 
C6 Bypass capacitor CONTROLS, oof ne creme EMORY 





AT LEAST 

0.13 USEC 

INHIQIT — mms 
90% CURRENT 
WRITE wom 
CURRENT 
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3. Detailed Operation 


a. 


The circuit consists of a d-c gate tube (V1), a cathode 
follower (V2A), a difference amplifier (V2B and V34A), 
a pulse amplifier (V3B), and a driver tube (V4A and 
V4B connected in parallel). 


The memory buffer input line to V1 is normally at the 
-30 V level. If the level on this line is at 410V when 
the inhibit pulse is applied to the input grid of Vl, the 
tube conducts, thereby lowering its plate voltage from 
the normal /15V supply to a #60V level. The output 
of Vl, which is coupled to the grid of cathode follower 
V2A, is a negative pulse of approximately 90V in 


amplitude, and, since the inhibit pulse is approximately. 


2.5 usec in duration, the output of V1 is also of that 
duration. 


. In the quiescent state, the grid of V2A is held at approxi - 


mately the /10V level by the action of resistor R4 and 
crystal diodes CR2 and CR3. When the output of V1 is 
coupled to the control grid of V2A, it causes this tube 
to be cut off, and the voltage on the cathode starts to 

fall from /10V to -80V. It does not reach -80V, how- 


ever, but is caught by the cathode of V2B. The cathodes 


of V2B and V3A are connected to the V2A cathode and 
under steady-state conditions, all three cathodes are 
at the #10V level. When V2A conducts, the cathodes 
of V2B and V3A maintain these tubés at cutoff. When 


V2A is cut off, the current through the common cathode 


resistor utilized by these three tubes drops and the 
cathode of V3B becomes more negative. This causes 


V3B to conduct, lower its plate voltage and the negative 


Signal thus generated is applied to the grid of V3B 
through a coupling capacitor. 


Under steady-state conditions, V3B is conducting heavily, 
with the result that the plate is at alow level. Therefore, 
when the negative signal is transmitted from V3A to the 


grid of V3B, this tube is driven toward cutoff and the 


output pulse from its plate is coupled to the grids of V4A 


and V4B. These tubes are normally at cutoff with the 
cathode voltage being supplied by the -150 supply and 
the grids obtaining their voltage from the top point of a 


voltage divider connected between -150V and -300V. When 
the positive signal is transferred from the plate of V3B 

to the control grids of V4A and V4B,. crystal diode CR4 

is cut off, representing a very high resistance path. As 


a result, the driving path of coupling capacitor C5 is 
through grid resistor R13. Because of the values of 
these two components, the 
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time constant is very long compared to the pulse duration 
of the signal supplied by V3B. This signal causes the bias 
on the grids of V4A and V4B to decrease; resulting in a 
heavy conduction through the tubes, causing a nominal 
current pulse of approximately 410ma to flow through a 
dropping resistor.in the plate circuit, resulting in a.20V 
drop. This 20V drop represents itself as a negative signal 
to:the grid of V3A. Thus, the earlier negative signal gen- 
erated by the plate of V3A which is transferred to the grid 
of 'V3B is reduced in magnitude with the result that V3B 
will not cut off, Instead, a negative bias is applied to‘it 
and the positive signal transferred to the grids of V4A 
and V4B, is not quite so positive. The amount of current 
flowing through the inhibit winding is a direct result of 
the voltage supplied to'the grid of V3B. As this voltage 
is made more negative, a‘higher value of current flows 
through the inhibit winding; conversely, as this voltage 
‘ig made more positive, the inhibit winding current is 
decreased. The initial current pulse magnitude sent to 
the inhibit winding is larger so.as tto overcome the react- 
ance of the highly inductive inhibit winding. The negative 
feedback restores the current pulse magnitude to a nomina. 
value once the reactance has been overcome. 


G, DPD De coupling 


1, A problem which has the effect of producing spurious oscilla- 
tions (noise) on the -150V or ¢¥ 50V lines is invariable due tq 
a defect in the DPD decoupling ‘circuitry located in the Z module. 
The specific indications of faaky DPD decoupling are: 
a, Memory operates erratically... | 
b, The 4150 DPD DECOUPLER and -150 DPD DECOUPLER 
lights on the Z module are not lit, although the bulbs are good. 


2. Circuit Description — 


a. The decoupling aveuitey: utilizes six relays which are Refer to page 0830 
connected to the -48V d-c source. These relays are of & page 0840 
the instantaneous type excépt for Kl which is a 10-3econd | 
thermal delay relay. 


b. When d-c voltage is applied, -48V dc picks K3 and K4. This 

permits /150V to charge the decoupling capacitors Cl, C2, 
C5 and C6, and -150V to charge the decoupling capacitors 

' C3, C4, C7 and C8. The charging path is through the respec- 

tive current-limiting resistors designated RJ]. These. resistors 
prevent the charging current from exceeding the ratings of the 
circuit breakers 12Z3 -J]3, -J19, #L1, and -L2. After 10 

péconds, relay K] is energized and picks, K2, K5 and K6. Relay 
K2 holds K5,. K6 and K2, and drops K], Relay K2 also com- 
pletes the -150V lamp circuit. Relays K5 and K6 short out 
their respective current-limiting resistors (R1) thus permit- 
ting the capacitors Cl through C8 to decouple any spurious 
information present on the -150V and /150V lines. 
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When the -48V is removed, the decoupling capacitors 
are discharged respectively through a path consisting 
ef: the current-limiting resistors designated R2, « 
the K3 and K+ relay points shown, and the current - 
limiting resistors designated Rl. 


H. Sense Amplifier, Model B 


le Function 


The model B sense amplifier (bSA) is a logic cir- 
cuit which develops a positive output signal regardless 
of the polarity of the input signal. 


2e Principles of Operation, Basic 


Ge 


Two inputs are supplied to the first stage of the Refer to Page 0860 
emplifier from a sense winding in the array. The 
difference stages of the amplifier have balanced inputs, | 


end half of the signal induced in the sense winding is 
applied to each input of the first stage; these input 
~signals are 180 degrees out of phase with each other. 


The-first three stages amplify the difference signal 
existing between these two inputs and generate difference 
Bignals on two output lines. The difference signal on 


‘the output lines from the third stage is applied to a 
‘detector and is also returned to the first stage to 


provide negative feedback. Although the two input. 
Signals to the detector are of equal amplitude but 180 


“degrees out of phase, the detector is actuated by the 


positive input only, producing a single line oubput 
pulse of negative polarity. The negative signal is 
amplified and inverted by the inverter-~amplifier stage 
to produce a positive pulse output which is fed toa 
cathode follower. ‘The positive output pulse from ‘the 
cathode follower is applied to the suppressor grid of 

a model A gate tube, thereby conditioning the gate tube. 


3e  # Principles of Operation, Detailed 


The first three stages, V1, V2 and V3, form'a con- Refer to Page 0880 
ventional class A difference amplifier, with negative and Logic 0.1.6 
feedback from the third difference-amplifier plates ap~- — | | 
plied to the grids of the input stage. Tube V1 is a low- 

noise tube which is used to decrease microphonic noise. 

With no signal applied to the inputs, the level of both 

grids is at approximately /1V, with the result that the 

common cathodes are at approximately /4V. ‘The plates 


‘of V1A and V1B are both at approximately /100V. Since 


both sides of the tube are identical, the plate voltages 
are equal. If a 100-mv signal is induced in the sense 
winding, a 50-mv signal to ground is applied to each . 
input. However, the signal on one grid is 180 degrees . 
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Sense Amplifier, Medel 8B, Block Diagram 


_ SENSE AMPLIFIER, MODEL B, FUNCTION OF DETAIL PARTS 





e 


SYMBOL 


Ri, R2 
R3, R4 
RS, RG 
R7, Rs 
R9 
R10 


R11, R12 
R13, R14 


R15 ; 
R16, R17 


R18, R19 


R20 
R21 


FUNCTION 
Input load resistors for V1 
Current-limiting resistors 
Feedback resistors 
Plats lead resistors for V1 
Cathode seslstes for V1 
Part of stabilization netwosk (with 
C1) | 
Form part of RC coupling networks 


between V1 and V2 (with C2 and 
C3) 


Plate load resistors for V2 
Cathode resistor for V2 


Form part of RC coupling network 
between V2 and V3 (with C4 and 
. C5) : 


Plate load resistors for V3 
Cathode resistor for V3 
Plate load for V4 (with L1) 


Past of cathode bias network for V4 
(with Ca) 


Grid return for V4B 


Part of grid-clamping circuit for 
V5A (with CR1) 


_ Plate load for VSA (with L2) 


REFERENCE 
SYMBOL ~ 


R27 


R28, R29 


R30. 


R31 


CR2, CR3 


C1 


C2, C3 
C4, C5 


C6, C7 


C10 


Ci 


FUNCTION 


Part of voltage divider between 
—150V and ground (with R36) . 


Equalizing resistors for CR2 and CR3 


Part of voltage divider between 
— 150V and ground (with R27) 


Cashode resistor for V5B 


Part of V5A grid clamping (with 
R24 and R25) 


V5B grid-clamping diodes 


Part of stabilization network with 
(R10) 


Part of RC coupling network be- 
tween V1 and V2 (with R11 and 
R12) 


Part of RC coupling network be- 
tween V2 and V3 (with R16 and 
R17) 

Coupling capacitors between V3 and 
V4 

Bypass capacitor in V4 cathode cir- 
cuit 

Coupling capacitor between V4 and 
V5A 


Coupling capacitor between V5A and 
V5B 


Bypass capacitor 
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out of phase with that on the other grid; therefore, 

one grid rises by 50 mv. whereas the other falls by | 

50 mv. ‘The grid signal causes one plate to fall while 
the other rises. Since operation is based on the linear 
portion of the tube characteristics, the changes in 

plate current are equal byt 160 degrees out of phase 

and the total cathode current will remain the same. 

The signals from the two plates are resistance-capacitance 
coupled to the second stage. 


The second and third stages further amplify the signal 
enf furnish two equal and opposite output signals to. 
the detector stage. Regardless of the polarity of the 
input pulse, a positive pulse is generated at one of 
the two outputs of the third stage. Detector stage V4 
is a mixer circuit biased at about 4V, or near cutoff. 
Both halves of the twin triode which is used as a detec- 
tor share a common plate load and a common cathode load. 
Two inputs are supplied by the two outputs of the third 
difference amplifier, V3, but, since the detector is 
sensitive to positive signals only, it makes use of 


only one. <A positive signal on either grid produces a 
‘negative signal at the agen of V4, This negative 
signal is coupled to the grid of inverter-amplifier 


stage VOSA. With a 100-mv Aig pe to the difference 
amplifier, the input to the detector is approximately 
QV and the resultant output only 6V. ‘The gain of the 
detector stage is less than unity because of the large 
the 


‘cathode resistor employed, and because, owing to 


imperfect cuteff of the tube, the negative signal on 
the second grid has some effect. a 


Inverter-amplifier stage V5A is & triode wpdiaetnns 
ea gain of approximately 10. The stage is operated 
zero bias in order to. allow a larger negative input — 


3: 
E 


Bignal to be attained before cutoff. Diode clamp CR. 
‘is used across the grid resistor to prevent base-line 
shift. Shunt-peaking is used in the plate circuit to 


decrease the rise and fall time of the signal. Since the 
emplifier drives a cathode follower (V5B) that has a low 
input capacity, a relatively small inductance is used. 
For a 100-mv input to the difference amplifier, the output 
of the inverter-~amplifier is about 52V. 


Cathode follower V5B receives a positive pulse from 
inverter-amplifier V5A, and provides a low impedance 
source for conditioning the gate tube. The input to 

the cathode follower is clamped to prevent base-line 
shift. Two diodes, CR2 and CR3, are used in series 
because of the high back voltage developed. The grid 

is biased by means of a voltage divider network connected 


to a -150V marginal checking line. The grid, and therefore 
the cathode, is normally at ~26V. ‘The gate tube suppressor 


VIAVIB V2AV2B V3AV3B V4A,V4B V5A v58 
OIF FERENCE DIFFERENCE DIFFERENCE DETECTOR INVERTER CATHODE 
AMPLIFIERS AMPLIFIERS AMPLIFIERS FOLLOWER 
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2.PARASITIC SUPPRESSORS HAVE BEEN 
OMITTED . 


Sense Amplifier, Model B, Schematic Diagram 
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0.05 V/ DIV 
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0. 


.05 v/ DIV 
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0.08 v/DiV 
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0.05 v/ Div 
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0.5 V/DIV 


AC: COUPLED 
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AC COUPLED 


0.5V/DIV 
0.5 USEC/DIV 


0.5 V/OIV 
0.5 USEC/ Div 


Sw/DIV 
0.5 USEC/ DIV 


0.5 USEC/ DIV. 
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Sv/0IV 
0.35 USEC / DIV 


20 V/DIV 
0.5 USEC/ Div 


20Vv/ DIV 
0.5 USEC/DIV 





be Degenerative feedback is used to atabilize 
the output woltage. 


Co A unaller cathode resistor is used for 
eapacitive loads. 


de Capacitor C2 reduces overshoot in the 
circuit. 


e. CRI, CR2 and CR3 clamps the lower output 
to 28 volts. 


2.. Matrix Output Amplifier 


Be The MOA inverts and amplifies g the output 
of the DMD. 


be ‘There are 128 MA's in memory #2. 
Ce ‘The output of a seleeted MA is £102. 
de The output of an MOA supplies the necessary 


conditioning voltage to cause an MiG to conduct 


3-  ## Core Memory Driver 


& One CMD supplies both read and write 
currents to a drive line thru the array. 


be The direction of current thru a drive line 
is determined by an MOA output. 


Ce Only one CMD will be conditioned at any 
one time. 


de The CMD controls the amount of drive 
current to the array. 


aa 
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e. 400 ma of current flows thru the CMD 
when it is conducting. 


Memory Array Floating Ground 


a. Drive current from one CMD will flow 


thru all 64 drive lines. 


b. 400 ma of current will flow thru the circuit 
breaker each time a drive line is selected. 


c. The circuit breaker protects against a 
short between the primary and secondary 
of the CMD transformer. 


d. The floating ground isolates noise on the 
ground bus from the drive lines. 


. Memory Gate Generator 


a. One MGG supplies current to 32 drive 
lines in the array. 


b. The length of time that the odd-even FF 
(RI or R15) is set will determine the time 
that current is flowing in a drive line. 


c. The maximum voltage swing out of an 
MGG is 90V. 


d. The MGG adjustments control the amplitude 
of drive current thru the array. 


e. Two CMD's and two MGG's will be conditioned 
during each memory cycle. 


. Digit Plane Driver 


a. One DPD supplies current to 4096 cores. 
b. A DPD is conditioned by two /10V levels. 


c. The DPD supplies 410 ma of current in the 
read direction during write time. 


d. Two inhibit FFs are necessary because the 
left and right half words are inhibited at 
different times. 


e. All DPD's will be cut off when writing pees 
zeros in both half words. 
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7. Sense Amplifier 


a. Either a negative or positive core will cause 
a positive output from the sense amplifier. 


b. The first three difference amplifiers operate 
at cutoff. 


c. Detector stage V 4 will be controlled by a 
negative level. 


d. V 5A is an inverter amplifier. 


e. The detector stage V4 also an amplifier. 
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x. 644 Memory Unit Physical Characteristics 
A. Drive Line Connections 


1. Selection of a memory word involves the simultaneous 
application of read-write current pulses to similarly 
addressed cores in each plane, The corresponding X and 
Y drive lines in each of the 54 planes of the array will be 
involved in the operation. To provide a control so that 
one current driver can supply read-write current pulses 
to the corresponding X or Y drive line of each plane, the 
similarly numbered X and Y drive lines of all the planes 
are connected in series (by means of jumpers) so that 
common selection windings will be formed. One end of 
each of the 64 X and 64 Y selection windings is connected tc 
a read-write current driver; the other end of each winding 
is connected to a terminating resistor. In the ferrite core 
array, all the X selection line drivers (64) are connected 
to the front and back sides of the array and all the Y 
selection line drivers (64) are connected to the left and 
right sides of the array. Since the input and output con- 
nections of the X and Y selecting windings are exactly 
the same, the following discussion will deal with Y 
selection windings only. 

2. The 64 Y line current drivers are divided into four equal Refer to page 0400 
groups. Each group of 16 drivers is contained in a pluggable 
driver panel which is connected to the array in a specific 
manner. The 16 Y line drivers of driver panel YA are 
connected (on the right side of the array) to every fourth 
Y selection line of plane 3, starting with line Y-O. Since 
the similarly numbered Y lines of each of the 34 digit 
planes are connected in series (by connecting the similarly 
numbered terminals of adjacent planes on alternate sides 
of the array), each of these Y lines will terminate on the 
right side of plane. 36. To complete the circuit of each of 
these windings, the associated terminals of this plane are 
connected to individual terminating resistors and a common 
240-ohm resistor and a circuit breaker arrangement. 


3. The 16 current drivers of each of the other Y driver panels 
are connected to the array in a similar manner; that is, 
the current drivers are connected to one end of the array 
and the associated terminating resistors are connected to 
the other end. Because the Y line current drivers are 
connected to the array in the sequence noted, the direction 
of read-write current flow in the adjacent Y lines of each 
plane will be in mutually opposing directions. 
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REAR VIEW 
MEMORY DRIVER PANEL, ADDRESS LOCATIONS 


” 
Note: The memory driver panel circuitry demonstrated is similar for 


XB or YB (octal addresses 37-20) 
XC or YC (octal addresses 57-40) 
XD or YD (octal addresses 60-77) 
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l6a 15a 
16b 15b 
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4. The 64 X selection winding current drivers and termi- Refer to page 0940 
nating resistors are connected to the front and back sides | 
of the array in exactly the same manner as described 
above. The current drivers contained in driver panels 
XA and XD are connected to the front. side of the array, 
and the current drivers contained in driver panels XB 
and XC are connected to the rear side of the array. 


B. Core Memory Driver Panels ! 
1. Eight Driver Panels 


a. XA thru XD Refer to page 0950 
b. YA thru YD & Logic 0.1.5 
c. X on front and rear 
d. Y on left and right sides of array 
. 16 CMD's per Driver Panel 
f. 16 MOA's per Driver Panel 
g- 1/4 of a DMD per Panel Refer to page 0960 
h. Each panel has 16 X or Y drive lines coming 
from it. (Logic 0.1.5 to 0.1.7) 
i. Each panel drives every fourth line in array Refer to page 0400 
j. Terminating Resistor and Fuses for each drive Refer to page 0400 
line on same side of array as Driver Panel that 
the line came from. (Even number of planes — 
counting Spare Plane. ) . 


2. Tube Location 


a. Physical numbering of CMD and MOA tubes Refer to pages 9970 
& 0980 
- b. Octal (address) numbering of CMD and MOA tubes. | 


3. Component Location 


a. MOA and CMD Circuits Refer to page 0990 


4. Connections to Unit 8 or 1] 


a, Pl - inputs and service voltages | Refer to page 0980 
b. P2 - Filaments & Logic 0.1,5 
c. P3 - Outputs 


C. Summary Questions 
1. Answer the following questions TRUE or FALSE. 


a. The 64 Y line current drivers are divided into 
four equal groups. 

b, Two memory driver panels are located on each 
side of Unit ll. 
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c. Drive line terminating resistors are located 
on the same side off the array as the driver 
of those lines. . 


d. All lines are driven from the top of the 
array to the bottom. 


e. Panele A and D contain ¥ drivers 


f. DMD's, MOA's and CMD's are located in the 
driver panels. 


ge One DMD is located in one driver panel. 


h. One physical tube on the driver panel 
contains one MOA, 


i. All input and output signals enter and 
leave the driver panel through the same plug. 


j. Some MOA components are located in Unit 10. 


XI. Array Connections from Units 10 and 12 


A. Physical Location 


1. SA's 
a. Left half word Refer to page 1020 
b. Right half word 
c. Parity 

2. DPD's 
a. Left half word Refer to page 1020 
b. Right half word 
c. Parity 


NOTE: Left half wond in Unit 10, Right half word in Unit 12. 


Uni 7 or 10 
Modules 


Memory pulse distributor Memory pulse distributor 
pumber 1 (clock) number 2 (clock) 

Inhibit gate gen Memory pulse distributor X read odd 
left half-word number 8 (clock) 
sample left half-word X write odd 


Sense amp! bit L15 Digit plane driver bit L15 
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8. Array Connections from SA's and DPD‘'s 
1. Units 10, 11 end 12 Arrangement Refer to Page 1040 
, and Logic 0.1.7 
ae Unit 11 (Array) between 10 and 12. x 
be Unit 11 Rear side between 10 and 12. 


_1) Front side of Unit 11 corresponds to 
witing side of Units 10 and 12. 


ce Left half word SA's and DPD connections on Refer to Page 10ho 
left rear commer of array. Right half word 
SA's and DPD connections on Right rear corner 


of array. 
NOTE: Correlate terminal board and edge comecter Refer to Page 1050 
location in Array Unit layout on logic 0.le7. 
EXAMPLES : 
.1) DPD Ww for 115. Logic 0.1.6 and 0.le7 
DPD lines to Left Rear corner of Plane 4 
from 10 BFF6,. Lines Make 90% turn in 
plane § and came out on rear side of Plane }, 
They then jumper up and into Plane 3 on rear 
side of array. 
2) DPD wiring for R15, Logic 0.1.6 and 0.1.7 
DPD lines to Right rear corner of Plane 3 
from 12 BGF6. Lines make turn in Plane 
3 and come out on rear side of Plane 3. ‘They 
then jumper down to Plane 4 on rear side of array. 


3) SA wiring for 115. Iogic 0.1.7 and 0.1.6 SA. 
come out of Plane 3 to board LIED). 
then go to edge connector points 11Ble 
and l1Blg. From these points lines go to 
LOAFAL and LOAFA5 and into SA. 


4) SA for R15. Follow wiring and location the same 
as for LL5. , 


é 


Other Connections and Locations of Components in Unit 11. 


( 
le Clamping diodes and their location on Unit ll. Logic 
0.1.5 and 0.1.7. 


2. Service voltage terminal board and RC filters. Logic Refer to Page 1060 
OeleTo ' 


3.  # Filament Transformers on Logic 0.1.7. 
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yzation of an odd plane (plane § 


FERRITE CORE MEMORY PLANE 


Note; The following legend is based on the anal 
similar analysis is applicable between the 


planes. 


corresponding numbers of all other 


1, Connection from DPD for the inhibit winding of plane 6 


2. Jumper from plane 5 to the inhibit winding of plane 6. 


— 


— $, Inhibit winding connection for plane 5 jumpered from plane 6, 


4, Sense winding connection for plane 5. 


§,6,7. Jumpers within plane 5. 
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240 vn RESISTOR USED TO 
KEEP THE DRIVE — LINE 
TERMINATING RESISTORS 
ABOVE GROUND 


MEASURE BETWEEN TOP OF 
RESISTOR AND GROUND 


DECOUPLING : 
RESISTORS iS 
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DC DISTRIBUTION PANEL ASSEMBLY 


( UNIT ll, E8, E9 and El0 ) 
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D. Summary @uestions 


1. 


10. 


The SA's, DPD's and the inhibit gate generator 


FF for the Left Half word are all located in Unit 10. 
. L15 DPD wires g9 thru plane 4, 


. PU 10AR contains the SA for bit Right 6. 


Tube number 6 in PU 12 CX is the detector stage. 


- All DPD windings go thru two planes. 


. All fuses and termination resistors for the left 


half word are located on l1E26. 


. SA PU pins A2 and A6 are used to decrease PU 


pin connection resistance. 


. Mem. Buff. FFR8 is located in PU 3GP. 


. The Parity Bit SA is located in Unit 10. 


4 


Filament transformers are laca’': * in rows A & B. 


Memory Testing 


A. Purpose 


i 


The purpose of memory testing is twofold. to insure that the 
memory design is adequate so that it can successfully operate 
under all possible conditions; to anticipate equipment failure 
due to component deterioration and thus prevent failure during 
an operational program. 

In the design and building of a memory, engineering effort 

is concentrated on finding and eliminating all the problems 
concerned with the operation of a memory from a 


360 


Core Storage Element 


circuit and analytic point of view. Since the memory is 
run from a computer and mst operate in conjunction with 
& program, a series of programs should be used to check 
out the final memory design. When the memory operates 
with the test program under the prescribed margins it can 
be considered a finished product, devoid of all kmown 
problems. 


The use of test programs to assist in the solution of 
memory problems can be very advantageous for several 
reasons; 


ae The running of a test program with margins is a 
nearly infallible evaluation of the nature and 
extent of memory design problems and will clearly . 
indicate the memory problem areas. The test progran 
can save time by having the computer print out the 
exact area that needs the most work. It is also 
entirely possible that the program will indicate an 
unsuspected problem area. On the other hand, a 
circuit design problem may prove insignificant as 
far as the operation of the program is concerned. 


be The running of a test program which provides a 
thorough analysis and printout of the failure pattern 
gives a mich more complete picture of the memory 
failure than could be obtained otherwise. This, alone, 
can save many engineering manhours of study when it 
comes to defining a problem area. 


Be. Programming for Field MAintenance 


Le 


The field program should comprise one master deck which 
provides the function of reliability, marginal check and 


tuning. 


There are three general classifications of maintenance 
programs : 


ae Reliability - designed to test the equipment as 
stringently and frequently as possible in order to 
introduce all situations where a failure is possible. 


be Diagnostic - designed to check out individual pieces 
of equipment in detail to provide complete information 
as to which circuits are failing. This information 
can be obtained effectively with margins. 


Ce Marginal Check ~ designed to indicate deteriorating com- 
ponents which need replacing. 


2. 
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In memory testing, all three types are combined into one 
program, as it is not possible to write a single program 
that will accurately diagnose memory failures. 


The purpose of the field program is to find cirauit failures 
before they cause a loss of computer time. This is done 
by providing a reliability test which creates worse noise 
patterns than any other program and a marginal check 
portion which anticipates circuit failures by stimulating 


-aging conditions and causing the more deteriorated com- 


ponents to fail. 


In order to produce memories of desired reliability it: 

is necessary to provide adjustments on various circuits 
to compensate for manufacturing variations. The setting 
of these adjustments with the program and margins can 
be made very efficiently by providing an audible indica- 
tion of failure rather than a printed one. Thus the 
maintenance personnel can make adjustments and im- 
mediately know the results rather than having to return 


‘to the console, to select a printout and to wait for it to 


be run. 


When possible, the test program should not be contained 
in the memory undergoing test but in.a separate memory. 


C. Basic Slow-Speed Tests 


1, These tests provide a check which should :reveal almost any 


solid trouble in memory. They should be very simple and 
run at a slow speed to give a simple signal which is easy to 


analyze and gives maximum assistance to the debugging of 


a newly-built memory. 
1's Discrimination, in this test, every location in memory 
is loaded with all 1's and then checked to see if all 1's can 


be read out. This test shows the memory's ability to write 
and read 1's correctly. It checks the following equipment: 


a. Memory Buffer Register (1's side only) 

b. dnesinks pulbe distributor except inhibit controls 

Cc. Sense Arnclifiess and path to memory buffer register 
d. Ferrite core array 


e. Driving Circuits 


1090 


Core Storage Element 1100 —~ 


3. O's Discrimination, in this test, every location in 
memory is loaded with all O's and then checked to see 
if all O's can be read out. This test shows the 
memory's ability to write and read 0's correctly. It 
checks the following equipment: 


ae Memory Buffer Register 0 side and paths to digit 
Plane driver 


be Digit plane drivers and control circuits 


ce Sense amplifier ability to block pulses from the 
array 


4, Addressing Test, in this test each location in memory 
is loaded with a constant, identical to the address of 
that location. Each location is then read and checked to 
see that it contains the proper constant. This test shows 
whether each location in memory can be distinctly addressed. 
The following circuits are checked in addition to those 
checked by 1's and O's discrimination: 


&e Memory Address Register 
be Address Decoders 
ce All memory drivers 


By using the addressing test in combination with the l's 
discrimination and O's disarimination tests, errors can 
be isolated to a smaller portion of the memry. 


D. §Checkerboard-Complement Test 


1. The checkerboard pattern in memory is a group of 1's and O's Refer to Pag 
arranged so that the address (in octal designation) pattern 11 
of 1's and O's resembles a group of rectangles and squares 
similar to the physical arrangement of a checkerboard. ‘These 
configurations of 1's and O's are used produce gmaller 1 
outputs and larger O outputs than are possible with other 
arrangements of 1's and O's. ‘The principal use of the 
checkerboard is to check the operation of memory when the _ 
resultant indication of 1's and O's is the poorest. There 
are two types of checkerboards; the regular checkerboard 
and the inverted checkerboard. The arrangemmitts of 1's and 0's 
by address for both checkerboards is illustrated. 


2e Addressing 


ae An address in memory is designated by bits R4 through ~ 
R15. Bits R4 through R9 designate the Y address, and 
bits RLO through R1§ designate the X address. An address, 
then, merely states which X and Y core memory drivers (CMD) 
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selected. In the memory array, the (100)gor 


Gora X and (100), or (64)19 Y core memory drivers 


ted on eight panels, each containing (20), 
or (16), core memory drivers. 


To keep wire lengths to a minimm and to make a neat Refer to Page 1. 
package, each successive core memory driver is 
physically attached to every fourth line coming out 

of the array. ‘This means that successive addresses ~- 

are four physical lines apart. The octal addressing 

by lines in the array is illustrated. 


Arrangement of 1's and O's to form checkerboard 


De 


The X and Y lines in an array contain a similar mmber 

of plus and minus polarities; therefore, cancellation 

of the half-selected outputs tends to take place. However, 
@ half-selected 1 output is larger than a half-selected 

O output, and this difference is defined as the 0-voltage. 
An arrangment of 1's and O's that causes the 0-voltage to 
be added or subtracted from the desired output is known 


If O's are placed at the negative polarities and 1's at 
the positive polarities, the voltages from these half- 
selected O's and 1's will not cancel completely. Some net 
positive voltage will appear in the sense amplifier 
Winding and will be the sum of all the O«voltages. These 
O-voltages can be made to add or subtract from the desired 
output. 


“f ; 
Outputs of Checkerboard 


There are eight distinct possibilities for the 0-voltage 
to combine with the O's and 1's. 


POSSIBLE o-VOLIAGE COMBINATIONS 


Condition Core Output o-Voltage Resultant Vol 
1 Positive 1 Positive Larger positive 1 output 
2 Positive 1° Negative Smaller positive 1 output 
3 Negative 1 Positive Smaller negative 1 output 
k Negative 1 Negative Larger negative 1 output 
5 Positive 0 Positive Larger positive O output 
6 Positive O Negative Smaller positive O output 
T Negative 0 Positive Smaller negative 0 output 
8 Negative 0 Negative Larger negative 0 output 
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be Conditions 2 and 3 smaller indication of Refer to Page 1140 
al. Conditions 5 and 8 produce larger 0's; ieee, | 
they tend more to al output. ‘These conditions are undesir~ 

memory. Figure 1 (a) 

8 by 8 array, with 1's at 

, 8 at the negative locations. 

This is the regular checkerboard. The cere at the 

Y lines contains a‘ negative polarity 

re read out, the positive o-voltage 
subtracts from the negative output and tends to make 
is a desirable situation, 

since little or no put is desired when reading 

out a QO. However, if.a1 is now stored at this 

position and then read out, the positive c-voltages _ 

again subtract from the negative output, resulting 

in a smaller negative 1. This is an undesirable 

situation because the 1 output is made smaller. 


Ce To achieve this smaller 1 output, a 1 mst be written 
et a negative pitiegtkty location. This is a deviation 
from the general definition of the regular checkerboard; 
therefore, the difficult portion of this test is achieved 
when the original contents are complemented. To describe 


a 


f 
5 
i 
3 
3 


this test more , ee 
used. afm ads shows line Xi and Y5 of the 8 by 8 
array. On a es ee 


this junction, the positive o-voltages now add to the 1 
output, resulting in a larger positive 1 output. This is 
a desirable situation. When this location is complemented 
and the O is read out, the positive o-voltages combine 
with the 0 output, resulting in a larger positive 0 output. 
This large positive 0 is not desirable because it tends 

to yield a 1 output when a O is desired. 


d. Figures 1 (c) and (a) show the conditions for obtaining 
the larger negative O and the smaller positive 1, 
respectively, which are both undesirable conditions. 
It should also be noted that these two figures are a 
result of having 1's at the negative locations and 0's | 
at the positive locations. ‘This is the inverted checkerboard. 


E. BASIC HIGH-SPEED TESTS 


Le 


Ze 


Basic high-speed tests provide a check of the ability of 


@ memory to operate properly at its noxmal speed when executing 
@ progrem. Ih general, these tests are executed by reading 


out of the memory at ite operating speed, by reading out all 
locations, or by reading out a single location repeatedly. 


A basic high-speed test is the checkerboard test at maximm 
repetition rate. <A checkerboard pattern is loaded into the 
memory and then read out at maximm repetition rate. ‘This 

test actually assists the 1 and 0 output because the polarities 
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CONDITIONS FROM INVERTED CHECKERBOARD 


LEGEND: 


© ZERO @ ZERO COMPLEMENTED TO ONE FOR TEST 
@ ONE @ ONE COMPLEMENTED TO ZERO FOR TEST 


FIGURE 1 OUTPUTS FROM.CHECKERBOARD PATTERNS 
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involved are additive. The test is critical because it 
produces the maximm amount of inhibit noises when 0 is 
written. This can be a problem in two respects: 


a. ‘The inhibit noise from a cycle where 0 was written 
can cause an error during the read portion of the 
cycle following. 


be The inhibit noise can build up an oscillation in the 
sense winding due to the continuous running. 


3. In general, this test will make the sense winding output 
look quite unsatisfactory. 


PROGRAMMING TECHNIQUES FOR WORST PATTERN TESTING. 


1. As previously stated, there are two undesirable conditions 
for reading from core memory. Disregarding polarity, 
these conditions are reading of a 0 which is made to 
approach a 1 value, and reading a 1 which is made to 
approach a O value. 


2. Considering first the case where the reading out of a 
weakest 1 is desired, it has been shown t+ a straight 
complement checkerboard test tends towards this condition. 
Due to the fact that in complementing the 1 to . 
on the selected X and Y lines are left in the read-disturbed 
state, the o-voltages pmeoduced by the straight complement. 
checkerboard test is not the largest. The largest o-voltage 
is produced by pairing read-distinzbed O's with write- 
disturbed 1's on the selected line. Therefore, if all the 
1's on a selected line are write-disturbed, and a1) the 0's 
are read disturbed, the o-voltage is maximm and the worst 
possible signal-to-noise ratio is produced. 


3. # Considering this condition in connection with the overall Refer to Page 
regular checkerboard pattern, the conditions to be 
established for any particular core appears as shown in 
figure 2. In this figure, if 6370 is the location to be 
tested, all the O's on the Y(63) line should be weak 0's 
or read disturbed, and all the 1's should be strong 1's or 
write disturbed. The same may be said concerning the 1's 
and O's on the X(70) Line. 


a. ‘To acoumplish this test, the procedure is as follows; 


1) load the reguiar checkerboard pattern, ‘The status 
of the selected core will be 0. ‘The status of half-~ 
selected 1's on the selected line will be indefinite}, 
and the status of half-selected O's on the selected ' 
line will be indefinite 0. 


S777 


2037/2060 2077 


0057); 0060 





SELECTED LOCATION ° 
WRITE OISTURBEO 11'S ——— 
READ OISTURBED 0'§ —~~—— 


FIGURE 2 CHECKERBOARD PATTERN FOR TESTING FOR WEAKEST 1's 
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FIGURE 3 DIAGONAL FOR TESTING IN AREAS A, C, G, AND I 


FOR WEAKEST 1 READ-OUT 
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2.) Place a diagonal of 1's in area E, as show in 
figure 3. ‘The status of the selected core will 
be indefinite 0. The status 
L'a on the selected line will be write-disturbded 1's. 
The status of half-selected O's on the selected line 
will be indefinite 0. 


3.) Complement the test loostion. ‘To do this, clear 
and subtract and full gb@ye the test location. The 
status of the selected core will be a freshly 
‘written 1. ‘The sta of half-selected 1's on 
the selected line will be write-disturbed 1's. 

The status of half-selected O's on the selected 
line will be write-disturbed 0's. 


4.) Clear and add a location containing all O's. The 
status of the selected cere will be a read-distrubed 1. 
The status of half-selected 1's on the selected line will 
be read-disturbed 1's. The status of half-selected 
O's on the selected line will be read-disturbed 0's, 


5.) Clear and add all the locations along the chosen 
diagonal for the area being tested. This causes the 
1's on the selected X and Y lines to become write 
disturbed. The status of the selected core will be 
read-disturbed i's. The status of half-selected 1's 
on the selected line will be write-disturbed 1's. 
The status of half-selected O's on the selected line will 
be read-disturbed O's. The test condition is now set 
UD 


6.) Read out the test location and check to ascertain that 
ite contents are all 1's. Restore the test location to 
its original value. 


Te) Repeat steps 3 through 6 for all locations in areas A, 
C, E, G, and I. This will test the read-out of 
weakest negative 1's from these locations. 


When testing Area E for weakest 1, place diagonals in Refer to Page 1180 
areas A and I as shown in figure 4, 


The same basic procedure is waed for testing the reading Refer to Page 
of weak positive 1's using the inverted checkerboard 1200 
pattern, except that the diagonals used are necessarily 

different. The diagonals used are shown in figures 5 and 6, 


By using both the regular and inverted checkerboard patterns, 
the read-out of both weak negative and weak positive l's is 
accomplished. | 
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h. ‘Testing for Strongest 0's 


ae ‘The second case to be considered is the reading out 
of the strongest o's. The conditions necessary for 
& complement test which yields the strongest 0 
output are similar to that of the weakest 1, except 
that the test areas of the checkerboard are reversed. 
This variation causes programming of this technique to 
be more cumbersome. Consideration must be given to 
the conditions necessary to yield the desired read 
of the strongest O's. A location from an area of the 
checkerboard contairing 1's must be complemented. Al. 
the O's on the coincident lines of the complemented 
location must be weak or read disturbed. ‘The 1's on these 
coincident lines mist be strong or write disturbed. 


be: In figure 7, location 7042 is assumed to be the com- Refer to Page 1200 
test location. Consequently, all the 1's on oo ; 
the Y¥(70) line must be write-disturbed and the 0's mst 
be read-disturbed in order to effect a strongest 0 
read-out. These same conditions are true for the 1's 
and O's on the x(42) line. 


Co General Procedure 


1) lead the regular checkerboard pattern. ‘The status 
of the selected core is indefinite 1. The status 
of half-selected 1's on the selected line is 
indefinite 1's.. The status of half-selected O's 
on the selected line is indefinite 0's. 


2.) Complement the test location. To do this, clear 
and subtract the test location and store it back. 
The status of the selected core becomes read- 
disturbed 0. The status of half-selected 1's 
on the selected line is read-distirbed 1's. 
The status of half-selected O's on the selected 
line is read-disturbed 0's. 


3). Disturb a series of lines accortiing to the area of 
1's the test location is in. Refer te (d) for an 
explanation. of these lines. In distnbing some of 
these lines, it becomes necessary to skip certain 
addresses in order to.leave the half-selected 0's on 
the coincident lines in the read-distuwrbed condition. 

Several groups of lines used are shown in figures 8 
through 11. This process leaves all the 1's on the 
selected X and Y lines in the write-disturbed condition. 
The status of the test location is read-disturbed 0. 
The status of half-selected cores on the selected line 
is write-disturbed 1's. ‘The ‘status of half-selected 
O's on the selected line is read-disturbed O's. 
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4) Read out the test location and check its contents 
for all O's. 


5) Repeat steps 2, 3 and 4 for all locations in the 
test area excluding those necessary for disturb 
purposes. 


The disturb lines for the different areas are shown in 
figures 8 through 11. 


1) In figure 8, assume location 7040 to be the test 
location. Consequently, the line of 1's between 
6020 and 7720 is disturbed, omitting location 7020. 
This is the location which, if it were disturbed, 
would cause the O's on the Y¥(70) line to become write- 
disturbed. The line between 0020 and 1720 is also . 
disturbed without omission. Finally, the line between 
1720 and 1757 is disturbed omitting location 1740. 
If this location were disturbed, the 0's on the x 
(40) line would become write-disturbed. By 
along the same lines and omitting any location which 
contains the X or Y address of the test location, it is 
then possible to check all the locations in area B 
excluding the lime used for disturbing. 

2) In figure 9, assume location 1035 to be the test 
location. Consequently, the line of lZg between 
0020 and 1720 is disturbed, omitting location 1020. 
This is the location, which if it were disturbed, 
would cause the 0's on the Y¥(10) line to become 
write-disturbed. ‘The line between 6020 and 7720 is 
also disturbed without omission. Finally, the line 
between 6020 and: 6057 is disturbed, omitting location 
6035. If this location were disturbed, the 0's on the 
X(35) line would become write-disturbed. By disturbing 

. along the same lines, and omitting any location which 

contains the X or Y address of the test location, it is 
then possible to check all the locations in area H 
excluding the line used for disturbing. 


3) Figure 10 shows the lines used for disturbing when 
when testing area D for the strongest 0 read-out. 
The theory expisined for figures 6 and 9 is identical 
for this case except for the variation in the chosen 
distuxb lines. 


4) Figure 11 shows the lines used for disturbing when testing 
area F for the strongest 0 read-out. ope pee Mean creamy 
for figures 8 and 9 is identical for this case except for the 
veriation in the chosen disturb lines. | 


CONCLUSION 


The complement checkerboard tests are used to determine the 
operational status of memory during a discrimination test. 
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The worst pattexn tests utilize the 
checkerboard, but with one important modification; 

i.e., the so-voltage is made to be a maximm. AS a 
result, the discrimination test is the most severe 
because the 1's being read out are the smallest possible 
and the 0's being read out are the largest. 


G. PROBLEMS IN MEMORY TESTING a 
1.  Delba and Inhibit Noise 


ae <A pattern is loaded into memory and the maximum repetition Refer to Pay 
rate operation is carried out. ‘The pattern is such that 1250 
inhibit noise from the previous cycle and delta noise” 
from the read cycle combine to produce a maximm of noise 
upon readout. 


be Since inhibit noise oscillates, it is necessary to 
determine the exact nature of the inhibit noise at the 


following sample time to decide whether a positive or 
negative fall of inhibit noise is desired. 


26 Crosstalk 
&e In general, the proplem of crosstalk is that lines 
- Carrying pulse currents couple noise currents into 
‘nearby lines. This is a problem wherever most of the 
lines in the array and connecting cables ru parallel, 
especially with respect to the sense lines. 
be ‘The problem of crosstalk can be defined, mathematically, Refer to Page ° 
by the formula for inductive coupling. When an X of 


Y line is fully selected, it induces a current in the 
line adjacent to it. <A general expression for this is; 


a ok Dypx—— 
72 ie ae 


Where: In = Induced current in adjacent line 
iy s Ourrent in selected line 
L es Distance along lines that are parallel 
a & Separation of lines 
k = Proportionality constant 


The minus sign (~) indicates that the induced current 
flows in the opposite direction to the inducing current. 
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Crosstalk Between Sense Lines 


ae If all data bits in memory, except one, are 1's and 
the other data bit is a 0, it is possible for this 0 
bit to turn into al bit due to noise created by all 
of the other 1's. This noise pickup can occur in 
several places: in the array sense Windings, in the con- 
necting leads of the array, in the array wit connecting 
plugs and in the cables between the array wmit and the 
sense amplifiers. 


be Once the signal has emerged from the sense amplifier 
it is a standard signal and, theoretically, no longer a 
noise problem since all Comtral Computer signal handling 
is designed to eliminate this type of problem. However, 
if there is a long cable rm between the memory unit 
end Central Computer it is still possible to pick up 
extra noise. 


Crosstalk Between Digit and Sense Line 


ae The problem of crosstalk between digit plane and sense 

lines is similar to that of inhibit noise ringing into 

the following cycle, except that the problem is caused 

by direct crosstalk from digit plane wires to sense wires. 
If the drive currents were turned off entirely, and only 
the digit plane drive operated, this type of noise would 

. still be present. Ringing can be minimized by a termination 
which will damp out oscillations as quickly as possible. 


Crosstalk Between Driver Lines 


a The X and Y drive lines run parallel throughout the array, Refer to Page 
resulting in a large amount of crosstalk. Examination 1260 
of a pair of lines will show how mrtual coupling produces 
unequal read and write currents (asymmetrical switching). 

Core B sees a half=read current with an additional spike 
of current as shown. This can condition the hysteresis 
state of the core further than would a half-read current 
and, thus, produce an increased noise condition in the 
memory 


be The magnetic operation in asymmetrical switching is illus- Refer to Page 
trated where it is assumed that a series of alternate read 1260 
and write currents are applied wits the write currents 
larger ‘than the read currents. Successive cycles approach 
an irreversible magnetic state, each cycle being closer to 
an irreversible state by abowt 90 percent. The changing 
or shifting of a core's magnetic state by asymmetrical 
switching is know as "walking". Wakked magnetic states 
ere to be avoided because they can produce more noise than 
the read and write disturbed states. For instance, a read- 
disturbed 1 which has been walked further in the read 
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direction will have an even greater half-read output 
since it is further from saturation. 


ce The mtually~coupled current exists only as long as 
a rate of change in the inducing current takes place. 
Thus, to a certain extent, it can be assumed that the 
addition of the half-read and the mitually-coupled 
current do not produce a bit current greater than a 
halfe-read current. 


However there are two considerations which make this 
assumption subject to error: 


1) Due to the self-inductance and delay of the lines, 
it camot be said that the induced current lasts 
exactly as long as the inducing rate of change. 


2) ‘The induced current is produced by one axis of 
the memory drive, while the half-select current 
to which it is adding, is produced by the other 
axis of the memory drive. These two drives are 
not fixed in time relation to each other nor are 
they necessarily simuiltanegus throughout the array. 


6. <A test for mttual coupling effects would be to create ferrite 
core delta noise conditions using the half-select current, 
Plus the mrtually-coupled current, in such a way as to produce 
e maximm noise similar to the checkerboard-complement, worst- 
pattern test. The details of such a test vary, depending on 
the memory design. The following cases will, in general, be 
present; 7 


a. During the reading of a 1 or O and during the writing Refer to Page 1280 
of a 1 the four adjacent cores are pulsed with a half- 
select. ¢ 


be During the writing of a 0, the inhibit current combines 
with the mrtually-coupled current two lines away, which 
is now in the opposite direction to produce noise in the 
read direction which combines with the inhibit current and 
two mrtually coupled currents in the read direction. 


H. FREQUENCY SENSITIVITY TESTS 


1. ‘he problem is one of testing the entire system, in all Refer to Page 1300 
possible modes of operation, to see that no frequency | 
instability exists. It is difficult to define exactly what 
is being sought, except that each circuit should be tested. 

The method of testing is to subject the circuit to alternating 
periods of usage and nonusage. The length of the periods should 
be variable. The possible buildup of effects within a circuit 
tested at, or near, the resonant frequency is illustrated. 
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VARIATION IN ‘THE TIMING OF START MEMORY 


1. In connection with the problem of interference between Refer to Page 1300 
memory cycles, one further situation mst be checked; the 
situation where the maximm amount of interference is 
created, and memory is started at its latest time, followed 
by a start at its earliest time. The result of this situation 
is an effective shortening of the memory cycle and aggravation 
of the interference problem because the noise extends later into 
the following memory cycle and affects the signal at sample time. 


2. Due to the fact that memory can be started from several 
address registers within the machine, there will be variations 
in the start memory time with respect to the Central Computer 
machine cycle. The two extremes are illustrated. 


EARLY PEAKING CORES 


1. When a ferrite core is deficient in ferrite material because 
of an air gap or a hard spot, its 1 output does not take as 
long to rise as does the 1 output of a normal coré. In fact, 
the 1 output may occur so early that the sample pulse will 
miss its peak altogether. There are several ways to detect 
these early peaking cores. 


2. By increasing the read current, the peaking time of:all 
cores is decreased and failures will begin to occur. A 
plot can then be made of the munber of failures vs. the 
read current amplitude from which a decision can be made 
to remove some of the worst offenders. It may be apparent 
that a few cores are seriously affecting the margins in which 

case they should be removed. 


3-  # Another way of detecting early peaking cores is the use of a 
test which reads out the same location several. times. This 
heats up the core and decreases its amplitude and makes it 
peak early. 


THE PARTTY BIT 


de The parity bit is an obvious aid to memory testing, for it 
indicates any memory failure involving an odd mumber of data 
bits. With a parity check, the memory test can omit the 
checking routine entirely whenever no parity occurs. It can 
be argued that an even number of bits might be in error, but 
the chances of this holding true for an entire test, are 
very small. Also, most of the simpler tests mist use a checking 
routine regerdless of parity indications, so that such types of 
failures would be detected in most cases. 
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2. ‘The parity bit is a necessity for the development and 
debugging of new tests. It is sometimes true that a 
memory test will fail in some entirely unexpected manner. 
This failure is easily found by stopping on memory parity 
and analyzing the situation. Otherwise, this failure may 
never be noticed, and a design or operation problem would 
be un-noticed for some time. 


3- # The parity bit is also an aid in reassuring that the memory 
program has not itself been altered. It is important that 
the program perform its fiumction exactly as intended. The 
parity bit is an important aid to the test debugging, for 
memory error printouts should occur if, and only if, a 
memory parity occurs. 


Le i SEPARATE MEMORY FOR THE TESTING PROGRAM 


le <A separate memory from which the test program can operate 
directly has several obvious advantages: 


& It allows testing of all the locations in the memory 
at once; otherwise, two programs are requtized. 


be It allows uninterrupted testing. Without a separate 
memory, the program must be reloaded when a failure 
causes destruction of the program. If a single 
memory must be used, some type of storage, as drums 
or cards, in addition to cards should be provided 
to minimize reloading time. 


Ce It allows complete testing of some types of operation 
which would not be otherwise possible. 


ad. It allows a more complete breakdown of the error and 
thus a more informative printout. Otherwise, error. 
data mst be printed immediately or, if margins are 
used, stored elsewhere until the data can be reliably 
processed and printed. 


e. It allows a simpler operation of a marginal check program 
since drum or tape storage is not required. 


Me. FACILITY FOR THE READOUT OF MEMORY AT MAXIMUM SPEED 


1. This is the facility to read all the information out of a 
memory and to rewrite each word as it is read at the maximm 
repetition rate. For reference, a parity bit in the data 
word is used, each word being checked for good parity and 
en alarm indicated if a bad parity word is read out. This 
facility allows a quick check for correct operation of the 
maximm repetition rate (MRR) test used. 
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The only other way of making this check of MRR operation 
is to place instructions in the memory and have the 
program operate as a noise pattern, itself. ‘The reading 
or writing of drums from memory does not suffice as the 
memory usually operates with a shorter cycle than drums. 
Using a program, itself, to generate these noise conditions 
presents some major problems. The most obvious problem is 
that, since the program is designed to produce the maximm 
amount of néise during its operation, failure of any kind 
will produce a program modification, and the possibility of 
losing control of the program. The possibility of losing 
control of the program will be great, for the contents 

of each memory location and the sequence of the program 
would be combined so as to produce the greatest possible 
amount of noise, and likely memory failure. Loss of pro- 
gram control would then require manual intervention and 
could occur quite frequently. Another difficulty with the 
use of a program as a MRR test is that pattern words would 
be difficult to design. Not only does the effect of the 
word format upon the memory have to be considered, but 

the word format must be meaningful as an instruction, and 
if the address portion is referenced it must not alter the 
sequence of noise signals. In short, programming directly 
for worst noise, due to MRR, is not practical. 


Another advantage of MRR operation is that the memory 

circuits can be tested for oscillation more effectively, 
since a particular circuit can be used at the MRR during 
the burst and consequently build up a greater noise than 
if it would be used at one~half or one-third of the MRR. 


INSTRUCTION FOR COMPARING DATA WORDS 


1. 


Co 


The problem of obtaining and analyzing error data becomes 
important from a time standpoint. Larger, more complex 
memory elements require e larger mumber of program steps 
to check and analyze its operation. 


In order to check a data word, it is not sufficient to use 

a parity alarm, for the chances of getting an even number 
of bit failures increases considerably when margins are 
applied and failures encouraged. The thorough checking of 
memory requires the use of an instruction which makes a full 
comparison between the pattern word and the word just reaf 
out of memory. The parity bits should be included as part 
of this check. Inability to directly compare parity com- 
plicates the program considerably in checking for the 
correct status of the parity bit. At this point, the minimm 
requirement is the ability to determine the magnitude of the 
parity bit. 
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Lack of both a compare instruction and parity bit 
results in a program which ignores the parity bit 
altogether, except in one or two specially designed 
test routines. This is unfortunate as the parity bit 
and associated circuits are just as important as the 
data, bits. 


0. DATA REDUCTION 


1. 


2e 
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When a memory test program is run, basic analysis of its 
failure is simple. When cextain addresses fail to store 
information correctly, the problem is to examine all 
such failures in an attempt to find which circuit is 
involved in all of the failures. This problem can lead 
to a monumental task, as a 64 memory can have upwards of 
1,000 such failures. Considexing tne number of circuits 
and the combinations of addressing patterns that occur,it 
is evident thet as memories get larger and more complex 
some tool. will be necessary to aid in analyzing failures. 


One solution to the problem is to take the raw error data 
and perform the correlation of error patterns and then to 


print out the results of this correlation. in this way, 


raw error data, which ordinarily would cover 228 pages 

and take two hours to print, can be compiled in five 

minutes and printed out on one page. For a moderately 
complex memory this is the only solution. Errors in the 
higher order address bits, for instance, would not become 
evident until a good portion of the 228 pages of raw data 
had been examined. Diasmosis of same address problems 
depends upon proper grouping of the address bits for reading, 
and recognition of certain patterns of failure. 


Another aspect of the problem is that few memory failures 
are limited to only one circuit. There is always inter- 
action of some kind between various memory circuits. Such 


. an interaction could be a serious memory probiem and its 


proper diagnosis could be vitai. The diagnosis mst permit 
all aspects of the faiiure to be seen readily in a meaningf 
breakdown. 


To develop e useful data breakdown, time and experience on the 
machine provide the final criterion. The first attempt to 
analyze failure modes will most likely include some areas 

not necessary and others which experience will indicate 
require further breakdown. 


In general, the procedure for setting up a data reduction system 
is as follows: 


Go Provide a total error count. 


be Provide an error count for bits picked and dropped in each 
digit plane. 


6. 
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c. Provide an error count for each separate sense 
Winding and associated sense emplivier. 


d. Provide a count for each inhibit winding and its 
associated driver. 


e. Provide a count for each individual X and ¥ driver 
circuit. It may not be necessary to show core selection 
matrices or switches because these are passive electrical 
networks which usually do not cause mich trouble. 


The above breakdown may seem sketehy but it will prove. 
adequate for anyone with a little experience. Steps c and d 
can be accomplished by subdividing the array into squares 
whose size is determined by the sense windings in one 
direction and by the inhibit winding in the other. The 
assumption of a single error has proven to be a reasonable 
one in most cases so that tracing an error printout back 

to a single source will prove effective. The data derived 
will provide enough indications to arrive at the proper 
conclusion by a cross reference. 


When a failure occurs along one axis, ail lines in the other 
axis which cross the failing line will be affected in like 
manner. Thus an unbalanced distribution of errors among 

the elements of one axis indicates a failing element; whereas 
an equal distribution of errors among the elements of an 
axis indicates a trouble affecting all elements similarly. 


At this point, an error print routine is as important as the 
test routine, for it is through the error print routine that 
Engineering is able to quickly and accurately determine the 
effects of the various tests upon the memory. 


This program should be kept simple and easy to use, so that 
one has available a basic tool which is easy to use. 


The program could be organized in fow basic sections, 
as follows: 


ae A front end control which converts a manual switch 
setting into the selection of the desired test 
routine. Selection should be such that any com- 
bination of routines may be selected, by using a 
separate switch for each routine, and such that, if 
no selection is made, all routines are run. 


be Test routines which perform the desired test upon memory 
by presenting error information to the error routine. 
The test routines should be closed routines. 


P. 
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ce An error routine which converts the error information 
presented by the test routine into the form desired by 
the operator and prints out. This should also be a 
closed subroutine. 


de Utility routines are closed subroutines which are 
used frequently, such as checkerboard loaders and 
checkers «. 


MARGINAL CHECKING 


Te 
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The major advantage of marginal checking during an engineering 
evaluation is to collect data on the operation of memory with 
respect to the relative effects of various: tests, and with 
respect to the operation of memory over a period of time. 

This data is very important to the complete evaluation of 

all modes of memory operation in order to achieve an optimum 
design and maximum reliability. This data is also impor- 

tant as a basis for selecting a complete and efficient set 

of memory tests for the final program. 


One problem associated with marginal checking on a production 
basis is that it takes a large amout of time because of the 
number of lines to be checked and the length of some of the 
tests. 


During initial test evaluation, it is helpful to keep all 
records of failure margins taken for all routines as each is 
run with excursions on all marginal check lines. This data 
is important for several reasons: 


ae The data indicates the relative effectiveness of each 
test for finding various failures under margins. When 
the time arrives for writing a finished program which 
runs selected routines for each margin, this failure data 
is essential to making a selection of routines which will 
be effective and yet not take excessive time. 


be The data shows the overall relationships of circuits 
throughout memory. It is not always possible to predict 
the @ffects of one circuit upon another. For instance, 
two different tests run with margins on a given circuit 
may, at their respective failure excursions, indicate two 
entirely different types of memory failures, which are 

caused by the same circuit. Knowledge of these circuit 
relations is vital to the complete understanding of various 
circuit limitations in memory and indicates what circuit 
and logic improvements might be needed. 


ce The failure data indicates the effects of various ways of 
compensating in the memorye This compenstaion involves 
the selection of an optimum operating point for the 


< 


¢ 0000 


7700 T7717 


MINUS 
A 


6000 
5700 


6017 
—6717 


PLUS 
E 


4000 
3700 


4017 
3717 


PLUS 
J 


2000 
1700 


2017 
1717 


- MINUS 
N 


0017 


7720 7737 


PLUS 


B 


6020 
6720 





6037 
5737 


MINUS 
¥F 


4020. 
3720 


4037 
3737 


MINUS 
K 


1720 1737 


PLUS 
PF 


0020 0037 


7740 7767 


PLUS 
C 


'6040 6057 


4040 


3740 3757 


1740 1757 


PLUS 
Q 


0040 0057 


<—— xX —> 


7760 


6060 


T7177 
MINUS 
D 
6077 


5760 5777 


3760. 3777 


1760 1777 


MINUS 
R 


0077 


0060 





Octal addresses of checkerboard pattern in 64° memory 
(Minus and Plus indicate core polarity) 
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VEST 4 
START 


, SET UP FOR 
STRONG Os 


MODIFY EXIT 11 
FOR EXIT TOA 





STORE # INTO 
VARIOUS LOCS. 

fOR CHECKING AN 
AREA 


LOAD IX REG 
1101717 


\FST # + Os 
COMPLEMENTS THE 
TEST LOC, NOTE 1 


ROS DISTURB 
ALL OF © 
MEM. 


CHECK THE 
TEST LOC. 
STOREO INTO 


MODIFY TO GET 
NEXT 
AREA 




























RESTORE THE TEST- 
D LOC. TO ORIGINAL 
CONTENTS STORE Ie 


CHECK THE CB 

PATTERN FOR 

ERRORS 
NOTE 2 


MODIFY TO GET| 
FIRST-AREA 

























REOUCE (x 
REG | BY | 







REOUCE 1X 
REG | AY Gi, 
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+ CHECK THE CB 
PATTERN FOR 
“ERRORS 

“NOTE 3 





SET'UPFOR 
PARITYMACANE 
TEST 


SET UP FOR 
WORST 
PATTERN 









MODIFY EXIT | 
FOR EXIT 


LEAVE EXIT 
1 FOR EXIT TO 6B 


LOAD I's INTO AN 
AREA WN A DIAGONAL 
START AT UPPER 
LEFT GOING TO 
FLOWER RIGHT * ¥ 


| SET UP TO OMIT 


AN X@Y 









1 LOAB ts 4AFO FHE 
4 TESTING AREA AT | 
a A DIAGONAL OMIT = 
TING AN X @Y AD- 
DRESS *#H% 











RESTORE WHAT 
WAS SET UPIN | 4 
BLOCK 2 
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DIAGONAL OF ONE'S.READOUT TO 
WRITE DISTURB 16 INDICATED i's THAT ARE WRITE 
} OISTURBED 







TEST LOCATION 


1—('S THAT ARE WRITE 
OISTURBED 


DIAGONAL OF ONE'S. READOUT TO 
WRITE OISTURG I'S INDICATED 


I'S THAT ARE WRITE 
LOCATION OF ZEROS DISTURBED 
READOUT YO READ 

DISTURB ALL CORES 


TYPICAL WORST-PATTERN TEST SET-UP 


LOCATIONS SKIPPED 
WHEN DISTURBING 


DIAGONAL OF \'8 
FOR WRITE OIGTURB 





AREA OF CHECKERBOARD PATTERN 
CONTAINING ZEROS TO BE TESTED 


* These numbers run in sequence as follows; 


Block 


Qafkweme za 


Note 1 


Note 2 


Note 3 will check for ICB except on 


Plus Arcas- 


212000 
212060 
214000 
214060 
210020 
210040 
216020 
216040 


Neg. Arcas 


210000 
210060 
216000 
216060 
212020 
212040 
214020 
214040 


Test 
Block PASS Area 





“* first 

8 second 

third 
fourth . 
fifth 
sixth 
seventh 
eighth 


QA RO > we 





 mwHOHWONS Se 


PASS 





first 
Second 
third 
fourth 
fifth 
sixth 


seventh 


eighth 
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Test 
Area 





QwWowmy Se a 


on the parity plane check 1.77777, 1.77776 will be stored into the tested loc. 


to compliment the parity bit. 


will check for RCB except on parity plane check. 
branched to when an error is | 


found. 


parity plane check. 


An error routine will be 


the parity plane positive cores to contain ONES. 


Note 4 The first special CB loaded is: 
a. Positive cores contain -0O 
3.) This will cause 


b. Negative cores contain 


1.) 


This will cause 


1.77777, 1.77776 


the parity plane negative cores to contain ZEROS. 
t 


Cc. This effectively puts a RCB in the parity plane. 


When the inverted form of the special CB is loaded: 


a. The parity plane will have an ICB pattern in it. 
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TEST.5 


. & : 
q eo 








MOF OST OS 
(OR Gut TOR 
Teo 
CeAGONAL 
ert 
MOTE 
ne 
SAME AS 
QR Tw8 
rea) 
° AREA 
eec 
nad 
LaF 
0an 





| z | 
7 j 

| i 

ass § 


tant 
MOOI ¥ EXIT 2 
FOR GRIT TOA 


LOAD Ix AZO 


4 TO 1707 
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START 



























MODIFY EXIT | 
TO GO OUT E 


LOAD IX REG 
7 70 5720 


SET PASS 
COUNTER 


LOAD 1x REG 
(To 7720 






MODIFY EXIT | 
TO GO OUT A 














% BURST ALONG ONE V LINE AT 4 G8 AATE. 


MM IF ERROR OCCURS WILL GO OUT TO AN ERROR 
ROUTINE AND RETURN VO CHECK THE REST OF 


THE LOCATIONS. 


M46 THE SAME M ADDRESS (77 FIAST TIME) 19 
USED. THE Y ADDRESS 18 100, LESS ON EACH 
BUCCESSIVE FST WATRUCTION, NEXT PASS x 
ADDRESS 19 76, ETC; : 





MODIFY EXIT 2 LOAD 1/0 REG 


wiTH +0 






LOAD IX REG 





! Loc 0000 









1 TO 2077 






LOAD (WRITE) 0's NTO 


40,L0C USING 1/0 


REG * 





SET PASS 


















CHECK ‘EACH LOC 
READ INTO FOR+0 


am 





LINE USING | 
FST INST’S 
EE 






















CHECK EACH 
LOC..READ IN- 
TO FOR +0 

% % 


RESTORE EACH 
LOCATION CHECKED 
TO ORIGINAL CON- 
TENTS 












LOAD IX REG 














: | TO 2057 
RESTORE EACH 
CHECKED LOC 
TO ORIGINAL . 
CONTENTS 












LOAD IX REG 









UWITH 1720 











LOAD IX REG 
1 TO 2037 






STEP PASS 
COUNTER 








REOUCE IX REG 
1 BY i 


20, PASSES LOAD IX REG 


BEEN MAD 
? 


ES 













| TO 3720 





MODIFY EXIT 2 
TO GO 
OUT H 


MODIFY EXIT | 
TO GO 
OUT F 





MODIFY EXIT | 
TO GO 
OUT B 








STEP PASS 
COUNTER 





CHECK THE 
ICB PATTERN 
a 


RCB PATTER aaa ae aaa 


“x 





TEST 
COMPLETE 






‘ CHECK THE 





LOAO IX REG 





MODIFY EXIT 2 


TO GO 
OUT D 













‘ 0 2017 





TEST 10 
PART | 
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START 






LOAD MEM. W/ 
ALL |'s FROM 
\/0 REG. 


ODD-EVEN 
CB 


LOAD EVEN 
ADR W/ O's 


WRT 10000 
INTO 1/0 REG. 





YES 












ADO | 
TO REPEAT 


ROUTINE. 
STARTS AT O 


CONSTANT 
DELAY 












CHECK EACH 
LOCATION FOR 
CORRECT CONTENTS 





ERROR ERROR 


a he ROUTINE 


PRINT 
ROUTINE 






MODIFY FOR 
NEXT ADR. 
TO BE CHECKED 





TEST 10 
PART 2 


A 


LOAD 
ICs 






MODIFY CR2 FOR 
BPX TO B 










WRT 10000 
INTO 1/0 REG 






LAST 
ag gy 


MAX. DELAY, 
1S 265 MS 






CHECK 

















EER CB PATTERN 

ERROR “> ZES ERROR MODIFY CR2 
? - ROUTINE FOR BPX TOC 
Y 
Che 

BPX TO B | LOAD 
TEST OR C : RCB 
COMPLETE ? : 
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START Test 


LOAO 
ics 


COMPLEMENT 
EACH SUCCESSIVE 
CORE LOCATION 


CHECK 
FOR RCB 
PATTERN 





ERROR YES ERROR 


YES 


LOAD ALL 

MEM W/I's 

ODO-EVEN 
cs 


LOAD ODD O00 = 0's 
MEM W/O's EVEN: Is 





COMPLEMENT =| 
EACH SUCCESSIVE See 
CORE LOCATION 












CHECK EACH 
LOC FOR CORRECT 
CONTENTS 










MODIFY FOR 
NEXT LOC TO 
BE CHECKED 


ERROR YES ERROR 





YES 


TEST 
COMPLETE 


TEST 1l2 START 

















WRITE ALL OF 
MEM INTO 1/0 


REG 275 TIMES 


LOCK 1/0 
ADR CTR 


CAD THIS 
Loc 3 TIMES 
SET IX FOR 


HIGHEST MEM 


Loc 





WRITE THIS LOC 
INTO 1/0 REG 100, 
TIMES 










LOC TO THis 
LOCATION 


CAD THIS 
LOC 
ONCE 


Loc 





MODIFY FOR 


BEAT 
NEXT LOWER e 
LOC, - ES 









CHECK THE 
Ice 
PATTERN 





LOAD ODO REG 
w/0's 





HECKING 
COMPLETE 


r 


YES 












MODIFY FOR 


NEXT LOWER 
LOC 
















WRITE ALL OF 
MEM INTO 1/0 
REG 27, TIMES 


SET 1X FOR 
HIGHEST LOC 
IN MEM 





LOCK 1/0 
AOR 
CTR 


CAO THIS 
LOC 3 TIMES 


INTO 1/0 REG 
100, TIMES 


CAD THIS 
LOC 
ONCE 
ALL 


LOC 
BEAT 
P 


Es 


CHECK EACH 
LOC FOR COR- 


ES 


WRITE THIS LOC 








RECT CONTENTS 
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ERROR 


TEST 13 


START 


LOAD 
(ca 




















mooIFY CVS 
FOR 
BPX TO A 


LOAD EVEN 
OELAY ADR. W/0's 





SET IX FOR Test 
HIGHE ST MEM COMPLETE 
Loc. 





LOCK 1/0 
AOR. CTR. 


WRITE THIS LOC. 
INTO 1/0 REG. 
2009 TIMES 






MODIFY 60 NEXT 
1.00.18 Ile LESS 
THAN LAST LOC. 


% DELAY FOR FIRST PASS IN Gus 
DELAY FOR LAST PAGS IS 768u0 


DOUBLE THE 
DELAY TIME 


% 4% WF ERRORS ARE FOUNO, THEY WILL 
GO WTO AN ERROR ROUTINE ANO 
COME BACK TO FINISH CHECKING. 
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Core Storage Element 1372 


various parameters which affect memory operation. 

This is, tolerances on memory operations are so 

close that certain circuits mst be adjusted indi- 
vidually for the memory in which they operate. Another 
reason for such compensation is that the several 
eijustments work against each other so that an 
adjustment that aids one parameter hinders another, 


kh, It is desirdhle to perform routine marginal check in as 
short a time as possible. Several ways of decreasing this 
time are listed below: 


ae After performing the weakest pertion of u test, check 
the pattern only if a memory failure has occurrede 


be Keep record of the past failure excursion, and begin 
checking at the lower excursion. 


ce For each MC line, run only those routines which are 
critical, as described above. 


d. When several routines are to be run, schedule the 
longest routines to be run last. 


ee When a routine fails, do not run previously successful 
routines at lower excursionse ~ 


f.. Construct tests such that the failing location can be 
individually tested first. 


Q. Summary Questions 


1. <A program that is designed to test the equipment as 
stringently and frequently as possible is called a 
programe 


2 <A program that is designed to localize a failing component 
is called a — programe 


3- A program that is designed to localize deteriorating 
_ components is called a program. 





4e A faster method of error indication than printouts when 
tuning is e 





5e When a memory is under test, the test program should be 
contained in the MeMOry e 


6. An inoperative DPD could be detected with the . 
discrimination test. 


7e An addressing error would not be detected with 
discrimination test. 


Core Storage Element 1373 


8. The checkerboard pattern is used to produce 
one's and ZeTO'S. 





9. Inhibit noise when storing a zero may cause a - 
to be read in error during the next memory cycle. ; 

10. Half select noises may cause zeros to be read 

as ° , 








1d. Noise between planes is refered to as | — 





12. ## When a core switches completely before sample time it is 
refered to as an core « 


13. j# One advantage of Data Reduction is that the 
can compile data faster than an ~ GSvice. 


14. One major disadvantage of Marginal Checking is the amount 
of required to run a marginal checking program. 


15. Early peaking core can be detected in most cases by 
the drive current. 





[ni sittle Memory. Program 


NOTE: The latest Little Memory Program specification should be obtained 
and the following items studied. 


A. General Information 


ae Function | 
2e General Control Information 
3- # Manual Controls 
4. Program Initiation and Control 
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TROUBLE #1 
TEST NO-01 
 TOTAL..ERRORS 10000 ton 
DIGIT PLANE ERRORS X AND Y LINE ERRORS | 
nee PALCK-DROP_...——P.ACK—DROP..—-XL—ERRS—-X4L—ERRS—-YA-- ERR S--YU: -ERRS--- 
Ss 0 0 RS O 0 0 100 40 100 9 100 40 100 
ee Oe - eee dines co Osc Oe 10044 L. 1001-5) 00-42:. 100 
2: 0 D 2 D © 2 #100 42 #100 2 #100 42 ~=#«2100 
poets te Wieecctes. Da oe 9... 0 8 100 43. 100 3. 100 43. 160 
4 0 0 4 @ © 4 492400 44 140 4 100 44 100 


5... 2 5G 5 OO 6 00.. 4 5..—1.00— 


6 0 0 6 0 0 6 100 46 100 6 100 46 100 
eee Ole, uO eet oye), 0 ...7...100.47. .100_..7...100 47....100 
8 0 0 8 0 010 100 50 1060 10 100 50 100 
Fo. ee, 20 ye GO De. Cc. O 11..100 51. 100,21 100.51 100 
10 oO -. 610 0 0 12 100 52° 10042 100 52 :-100 
see US a 0 TD 9 10 59 7 8 00-5 4-100- 
12 0. °0.12 0 10000 14° 100 54. 100°3% 100 54 100 
oS comer, 0.13: O...---.0..15...100..55....100..15...100.55. 100 
14. 0 0 14 0 016 100 56° 100 16 100 56 100 
15 | 0 0 15. 0 0 17.5100 57..100 27 200 57 100 
20 100 60 100-20 100 60 100 
Slee MOG 8 ae a POO ad 098 N06 61100 ae 
XODD XEVN YODD YEVN 22 100 62 100 22 100 62 100 
6060 4000 4000 4000. 23 100.63 _.100.23°.100 63 100 
DRIVER PANELS 24 100 64 100 24 100 6 100 
~ AL B. ..e. 25 100 65 .100 25. 100 63 100 
X 2000 2000 2000 2000 26 00 66 100 26 100 66 2 


_Y 2000 2000 7000 2000 27-100 67 100 27.100 67...100__. 
30 100 70 100.30 10070 -.100 

Orie niet eee etter. week MOORTI = 1004122) 0037122700 .2: 
— . _ 32 100 72 ‘100 32 100 72 100 

ee 33... 100.73... 100_33_.._100..73....100._ 
34 100 7&4 100 34 #100 74° #100 

TEST NO-02 or 3 5... .00_15.. 100.35 100.75 100. 
6 100 36 100 76 100 

SUCCESS 37100-77100 37 100 77.100. , 


TEST NO-03 
(OVER) 
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TROUBLE #1 
-~“TEST NO=03 | ) 
TOTAL _ERRORS 04000. mecca ee fk 
"DIGIT PLANE ERRORS X AND Y LINE ERRORS 
a RACK DROP... . ~PLCK. DROP...KL. ERRS XL ERRS. YL..ERRS YL.ERRS 
Ls 0° ORS | 0 {9 9 40 0 0 4040 40 
ecteee NateOe IO 10 es Re 0 aS O's 
2 0 0 2 0 0°2 #&4O 42 0 2 4042 40 
9: 0 0 3 -* O.. 0 3 0.43. 03. 40..43... 40... 
er re ee 0 0,4 044 0 4 40 44 40 
0 eT eae ra 0.45... 0 5 40.45. 40 
sie ae eee Se 0. . 0, 0 46 0 6 4046 40 
ae | 0 0 7 0 0 IS 0.47 QO 7. 4047.40 
8 0 0 8 0 0) 10 !100 50° 100 10 4050 40 
jt 0.9. O... O'11 100.52 300 11 40 51.40... 
“10 0 “0° 10 0 0:12 100 52 10012 4052 40. 
Lt 0 O01} OO 13100 63 OO 14 40.53... 40... 
— “012. 7.0 4000 14 100 54°"Y00 14 4054 40 
ee ee et CSO ee ee 40__: 
0 0 16 


Q 14 100.56 °100 16 40 56 40 
oo33 oo. 17_.100_57__100.17_... 40.57... 40 
20 .0 60 020 4060 40 
ares __MGGS. sO. 21....40.61... 40 
. ODD XEVN YQDD YEYN. ., . 22 0 62 0 22 40 62 40 
eA! £9 S, ietaneeeen | Eas Sc Rees © Je. ay 0 YO <  OS/ ¢ 
: VER. 24 0 64 024 40 64 40 
Dee PR 8 0950.68) NO, 
"x 1000 1000 1000 1000 26. 0 66 026. 40 66 40 
4000._1000 1000 1000...._27_ a. 670.27 40- 67..-:--40 
30 100:70 100 30. 4070 40 


_3 











32 '100 72 100 32 4072 40 


Sag apa Soe ns 9 OO 79:22 00.29 5-140). 9 9s cho: 
oe 34 100 74 100 34 4074 40 
se ce paca a a rea as A O07) ez O08 364440960, 
< 36 100 76 100 36 4076 (40 
ts et et ee TL 00.. enn re-edit 
TEST NO-O1 | . ; 
0 6 | eee am eee ee CONTENTS no ne i i ee cee 
7777 | 24220212 222 2122 2112) 2-122 112 221 210 111 
ITO nn een gn AD LDL DDD 2D D-DD 212-212-210 127. 
7775 Youd) 227022202220 222 0 202225222 122 110 919 
TTY hen] 1-1 ~V~ 24-21100 2 
1773 | Dodd. 22202220222 222 0 20222 121 222 210 222 
AO eae eee el 11 he 9 1 110. 14g 
7771 Podd2 92209220222 222 0 20122 221 222220 12] 
U7... — (2222 222009P 222.222. 20222 222 22) 110 111 
7767 , Pedd2 222 222 922 222 0 2 02220 222 212 210 171 
Et) Cae eee Lb) —11 1121.11.10 1.11 
7765 Poddd 2220222 222222 0 2 122 222 222 290 11] 
7764 VPMMD VVD VaR 222002200 20122 122 222 920 12] 
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Trouble #1 SA for R12 Defective 














7 4377 
TROUBLE #2 © 
TEST NO-01 _ 
TOTAL ERRORS 00100 
DIGIT PLANE ERRORS X ANDO Y.LINE. ERRORS 
~ "PTCK DROP PICK DROP XL ERRS XL ERRS YL ERRS YL ERRS 
LS ©. YOO RS 0 100 Oe AO ct OCs. 
a a 0 100 1 0 100 1 1 4] 1 1 0 4) 0 
2 0 100 2 .....90 100..2 1 42. l1 2 GC 42 0 
3 0 100 32 0 100 3 1 43 1 3 0 43 0 
4 0 100 4 0 #100 4 144.1. 4 0.44 0 
5 0 100 5 0 100 5 1 45 1 5 0 45 0 
6 0 100 6 OO 100 6 ~ } 46 Jj 6 0.46.0. 
a: aa < 100 7 0 (100 1 47 | ae 0 47 0 
8 0 100 8 9. ..100 10 1.50 2.10. . 0.50. .0.. 
ge" "0 -100=—o*8 0. 100 11 1 51 111 0 51 0 
10 0 100 10 9.100 12 1.52. ..1.12. _.0.52..._0 
1.  °0 «.100-11 0 100-13 1 53 413 0 53. 0 
12 O 100 12 0. 100 14 i $4 114 0 54 ee 
43 0 100 13 O 100 15 Te ae 055 0 
14 0.100 14 0 100.16 (1.56 20.16. 200.5620 OL. 
45 0-100 15 0 100 17 1 57 117 0 57 0 
2 60 O60. 
oe MGGS 21 1 61 1 21 0 61 0 
__XODD XEVN YODD YEVN 2 2d 0.62. 9 
“40. 40 0 100 23 1 63 1 23 0 63 oO 
“ORIVER: PANELS’ ee) ee i: Res ek ee oe) ee, 
OO Ree te Db 25 1 65 1 25 0-65 0 
Mra Oia sear Ort 22 aan Oia et a OO Oe O00 
Y ) 0 0 100 27 1 67 1°27 067 #90 
eat. tee ee rem nEene | © eee Ma Ce 
31 Le 131 071 '0 
eee eet, He eas ae ee aes oat ote Me ee ee eee 
| _ | 33. 1 73° 1 33 0 73 0 
eee ee aeRO ERNE en Re CE ene CT OTE EIEN. |. SOMES (bey A! SROReNERNT CAO. | ODER EER 0 ERA J) SERN aM 6 NER SE 
35 1 75 1 35 075 ° Oo 
ae anne nen ESE ETET EEN DEDENSEEIEL: |= WONEEONIEEIS! WEELY A « SRSEENONEOS ROE ¥ UTES © BY 2 . SOON 9 SERRE 
37 1 77 1 37 0 77 0 
TEST NO-02 
SUCCESS 
TEST NO-03 


(OVER) 





0 a em: ee 0 > eeeeewewn. =e o ccm emeneg Ore +: + mers OPED Cah Ow ne-eram + eee eemmeme « emma eens +. ws ce 
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TROUBLE #2 
-TEST_NO-03._...... .. Ebel aceird Geatbok ete weit nest ekg eee ee cae Siento eee aca 
TOTAL ERRORS 00100 
_ DIGLT..PLANE.. ERRORS .. cena ome XAND.-Y. LINEW ERRORS... “2 
PICK OROP PICK DROP XL ERRS XL ERRS YL ERRS Yt ERRS | 
SO SOURS a OO Oc eh OOK On tO: 
1 oO o 1 #0 0 1 1 41 1 21 0 41 0 | 
ee hatte nt i egcreine  OnaeD acacia relic tums Oleuiss 2 Tides eS sence oe DO oO) Se: 
3 0 0 3 0 Cc 3 1 43 1 3 0 43 0 
4. 0. 100...4 0. .200...4.002013-44..000002 4. 046. OL... 
5 0 100 § 0 100 §- 1 45 1 5 0 45 0 
mee [: | ae ; ne ; SY a PY en fcc nay , Say Wy aan , Taaena 
7 0 100 7 0 100 7 147 .- 1 #7 0 47 0 
oO se O26 OO Bon OS 10010 es 1 0 0250 0s? 
9 0 0 9 0. 0 11 151 -3211 051 #-.0 
BNO pestis NO 10 non Deas WO AZ a 210625 12 te 0252 0 
11 0 40 11 0 40 13 1 53 -1°13 053 #420 
~42___0__40 12 _0___40 14154] 14 a4 
0 40 13 1°55 1 15 0 55 0 
. eee <a a ok eae. 1.16.:.-...0 56... 0 
15 0 40 15 om 40 17 1 57 1 17 0 57 0 
_ 7 1 60 + 20 0 60 o 
MGGS _ 1 61 1 21 0 61 0 
-—-4p0o_XEVM vopD YEW —__._22.. ppameniees. Sew! < Lemar! Vy 7 Serene © Ws) < 7 EGR 5 
| 1 63 1 23 0 63 0 
het eeses  ORIVER PANELS Soe ee oe (2:64. . 11. 24.....0..64 0 
| A 5B C 0 25 1 65 1 25 O 65. 0 
2%) ..29... 20, 20. 20 26 1 66 1.26 .0 66 100 
Y. 0 0 0 100 27 1 67 1 27 067  .0 
20. - 4-10___1_10 __o_70__o___ 
: ee te pier giao. ol 171: 132 , 072 0 
ee ene ets _ : 92D The 32 2.2072... 6 
33 1 73 1 33 0 73. 0 
eee sheer, aioe 34 2.074. ..2..34.......0.74- ....0 
: «35 1 75 1 35 0 75 0 


a sO Gn 1 OTR. 
37 1 77 1 37 0 ne , O 


10 a Or CCT © OS Oe EEE ED OD eS CED Ow Core eee ome ene * mee 
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Trouble # 2 CMD or MOA for "Y"'66 Defective 
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TROUBLE #3 
TEST NO-O1 
SUCCESS 
TEST .NO=“02.. —— 
TOTAL ERRORS 10000 
DIGIT PLANE ERRORS. . , X. AND YLINE-ERRORS--. 0-6. eo 
PICK. DROP ° PICK OROP XL ERRS XL ERRS YL ERRS YL ERRS 
__L§.10000-.. -O RS 1090.0 ——___0 -O-_1.0.0--4.9—1-00 —0—-1.9 0-49 _199—— 
-- 2 10000 G 110000 ° OO 41 100 41 #100 1 #2100 41 #100 ~~. 
..2..10000 . 0....2. 10000 0 -.2...100 .42 .100 .-2. 100-42... 100--.-' 
3 10000 O 3 10000. 0 3 100 43 100 3 100 43 #100 » 
4..10000..°... ..0... 4.10000 0. -4...100.44 100. -4..--100-446-.100-.--- 
5 10000 0 5 10000 0 5 100 45 100 5 100 45 100 
6.10000. > 0" 6 10000. 07 6 100 46100 6 100 W100 
7 10000 0 7 10000 0 7° 100 47 .100 7 100 47 100 
8 10000 0. .8 10000. -.0 10....100.. 50. 100...10. ..-1.00_50- ..100_-.- 
9 10000 0 9 10000 O12 100 51-100 11 100 51 100 
10 10000. ° 0.10 19000 0 12 100.52. 100 12 ..100-.52....100. 
11 10000 0 11 10000 013 100 53 10013 100 53 100 
_..12_10000 SO 12,10000... 0 14 100 54 100-14 100 54 100 
7 10000 0:13 10000. 015 100 55 100 15° 100 55 100 
.2.0000..... .0..14 10000 .,. 0,16 100.56..100. 16..-.100-56.....100.. 
aa 10000. ‘ aah | 15. 19000 017 100 57, 100 17 100 57 100 
z an 20 100..60.....100..20....100.60. 100... 
MGGS .. | | 21 100 61 100.21. 100 61 100 
____XODD_ XEVN YODD YEVN 22. 100 62. 100 22 100 62. 100 
4000 4000 4000 4000 23 100 63 100 23 100 63 100 
oe eons ORAVER..PANELS 24:- 100-64. .100..24....1.00..64..100_. 
'-& A. Ge eC. ph Disw - 4 2 100 65: 100 25 100 65 100 
...X .2000_...2000... 2000 . -2000 .. 100 66 100.26 .100 66..-.100... 
Y 2000 2000 2000 2000 — ss 100 67 100 27 100 67 100 


i i a Oe 0 PD OO. AO T0000 
31 100 71 #4100 31 #100 71~=#«2100 

tek ae att ate oe Dna, 32 .100..72...100 .32-...100...7.2.....100..... 
33 100 73 4100 33 =#.100 73 += «+100 

34 $100 74..100.34....100-74---100. -— 

: 35 100 75 100 35 100 75 100 

jit er OOO Ph 00 3h 0 76 100. 
37 100 77 #100 37 +4100 77 ~«2100 


TEST NO-03 
(OVER) 


mere am 


TEST NO=-03 


TOTAL ERRORS 


Pe TT omammmntieheenendl 


10000 


DIGIT PLANE ERRORS 


A ee er 


Oe ee 


oo. awe PICK DROP PICK..DROP XL 
LS 10000 O RS 10000 0 0 
___-1- 10000 _...0....1--.10000 0-51 
‘2 10000 0 2 10000 0 2 
3 10000........0...3° 10000 0 3 

4 4000 0 4 4000 0 4 

5 . 4000 0 5. 4000 0 5. 

6 4000 0 6 4000. 0 6 
72 4000 O07. 4000. 07 
8 4000 0 8 4000 0 10 

9 4000.....0 .9 4000. 011 

10 4000 - 0°10 4000 0°12 
-11 4000 0 11 4000 013 
12 4000 © 12 4000 0 14 
134000. 0.13. 4000... 0.15. 
t4 4000 0.14 4000 0 16, 
15..4000 ... .015 4000 017 
20 

_MGGS. | 21 

“00d XEVN YOnD YEVN .. 22 
__ 4000 4000". E909_. "4000... oe 3. 
DRIVER’ PANELS 24 

eee A. BL, ¢ 1) 25 
X 2000 2000 2000 2000 26 

Y 2000...2000. 2000. 2009 27 
30 

Ee nT Ree nO. 

32 

33 

34 

35 

36 

ae PeeR TR. ie eT 


X AND Y LUNE 


190 


100 
100 
100 
100 
i 100 


100 
100 
100 
100 
100 


.. 100. 


100 
100 
100 
100 
100 
. 100 


100 
100 
190 
100 


190. 


100 
100 
100 
100 
100 


.. 100. 


ERRS. 


100. 


..10C. 


100° 


XL 
40 


Al... 


“42 
43 
4 dy 
45 
46 


Ps ee 


50 
51 
52 
53 


54 
55. 


56 
57 
60 
61 


62 
63.. 


64 


65) 


66 
67 
TO 


2... 
72 


123 
T4 
15 
76 


ee ee 


TROUBLE #3 
ERRORS 
ERRS YL FRRS YL FRES 
100 0 100 40 100 
100 ? 100 42 100 
109 3 100 43 100 
100 4 100 44 160 
100 5 100 45 100 
100 6 100 46 100 
(100. .7-.100 47.-- 100... 
100 10 100 50 100, 
100 11 100 St 160 
100 12 100 52° 190 
100 13. 100 54. i160 
00 14 100 34° 166 
100..15....100..55 ..160 
100-16 100 56 100 
100 17 100 57 106 
100 20 100 60 1C¢ 
100 21 100 61 i046 
100 22 100 62 1090 
100.22. ¥00 62 100 
100 24 100 64 166 
100 25 100 65 106 
100 26 100 66 102 
100 27 109 67 i007 
100 30 1060 76 100 
100.31..100.71 100. 
100 32 100 72 100 
100 33 100 72 100 
100 34 100 74 160 
100 25 100 75 100 
100 36 100 76 100 
100. 37....100.77 106 


4337 
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Trouble # 3 SET INHIBIT CLOCK output missing 


/3%3 
TROUBLE #4 


TEST NO-O1 
SUCCESS 
TEST.NO-02 
SUCCESS 


Oe EE ae eR CR: oo . 


TEST | NO=03 
TOTAL. ERRORS.....04000 


DIGIT PLANE ERRORS 1 Xx AND Y LINE ERRORS 


Leer are eP LCK - DROP PICK DROP XL ERRS. XL. ERRS.YL. ERRS YL ERRS 
LS 0 0 RS 0 0.0 0 40 ‘oO 9 40 40. 40 
ee: COE, ee 10041-1001 _40-41..-_40.—- 
2 #O 0 2. 0 0 2 0.42 °*0 2 40 42 °40 
ail Pee IO 0 3. es, 0 10 3 100 43 .100.3 .40 43. 40 
4 0 OO. 4 0 0 4G 0-44 - 0 4 40 44 40 
OG ee Oe OS u,. 0 0.5 .100 45 100..5....40 45 40. 

6 0: 0 6 0 0 6 0 46 0 6 40 46 40 
“7 O00 47100 70 
8 0. 0 8. 0 010 0 50 010 ° 40 50 = 40 
Gee OO Me 0 0:11 100 51 100-31 .....40 51 4,0 
10 0 4:0, 10- 0 0 12 0 5? 0 12 40 52 40 
Ll... 2.0 0001 0 013 100.53 100.13 4053 £40. 
12 0 “O12 0 0 14 0 54 0°14 40 54 40 
13 18 00 58 O16 8 
14 0 0 14 0 016 O56 . O 16 40 56 40 
~14... 0. e008. yes 0. 4000 17 100 57.. 100°17. 40.57 40 

PBS ie ‘20 . 0 60: 020 40 60 £40 

"MGGS._. 21 100 61. 100.21 40. 61 40 

~XODD XEVN YODD YEVN | 22 0 62 0 22 40 62 40° 
Os 24% = 100 63 100 23 40 63. 40... 

DRIVER PANELS 24 0 64 0 24 40 64 £40 

scistarctatect ian IN eB mice Aca tet ss 25 100 65 100 25 -.40 65 40 

X 1000 1000 1000 1000 © 26 0 66 0 26 40 66 £40 

_...¥ 1000 1000...1000.. 1000. 27. 100 67 100 27 40 67 40 

: 30 0 70 0 30 40 70 £40 
8D 00 72. 2100 31 3640 7) = 40 

32 0 72 032 40 72 40 

pee eee, 33 100 73 100 33 £40.73 £4440 

34 0:74 0 34 40 74 40 

35 .100 75 100 35 40 75 40 

36. 0 76 0 36 40 76 £40 


—___--4J__100_77__100 37 40 77. 40... 
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Trouble # 4 R15 MAR FF cannot be set 


ISS S 


TROUBLE #5 
TEST NO-01 
SUCCESS 
TEST NO-02 
TOTAL ERRORS... 10000.: Ze edaiat ape 
DIGIT PLANE ERRO&S “X AND Y LINE ERRORS 
coe PLCK. DROP....-,.PICK.OROP .XL.ERRS. XL..ERRS YL. ERRS YL- ERRS 
LS 0 0 RS 0 0 0 100 40 100 0 10040 100 
0-0-1 9. 0}. 0-4 10 0 100-41 —-1 00 — 
2 0 0 2 0 0 2/100 42 100 2 100 42 100 
BO 100-43 —1 00-— 3 1 00-43-1000 —- 
4 0 0 4 0 0 4 100 44 100 4 100 44 100 
BO OB On. 6 02 8 100 45.100 5 100.45 - 100 
6 - O° -.0 6 0 0.6 100 46 106' 6 100 46.-.100 


a ee eee ee 


0 0 8 0' 010 100 50. 100 10 100 50 100 ., 

-_ 2. Qe en OD O12... 100..61...100-11--.100 62...100 © 
10 0 010°. 0 012 100 52 100 12 100 52 100 
oe 0. 011 0 013-100 53 100 13 100 53 100° 
12 0 0 12 10000 014 100 54 100 14 100 54 100 


a I Oo ee Tn 1 00. 55 100.18. 10055100. 





14 0 0 14 0 0 16 100 56 100 16 100 56 100 ° 

aes aut Oe. Od a O27 100.57. 100.17 100.57_..100 - 
aay 20 109 40 100 20 100 60 100 

aes _MGGS __ co. 2h..100.61..100..21 .100.61:..100.... 
“XODD XEVN YODD YEVN: 22 100 62 100 22 100 62: 104 

4000 4000 4000 4000 23. 100 .463.°100 .23...100..63....100—. 
,DRIVER PANELS 24 100 64 100 24 100 64 100 
A BB eee Sane | =-—---25_100-: 65 __100' 25 100 65 _100_- 
X-2000. 2000-2000 -2000..-. 26 100 66 .100 26. 100 66 100 
_Y_ 2000 - 20090 2000 2000... 27...100.67_.100_27.100_ 67_..100.. 


30 100 70 100 30 100 70° 100 . 

a on 7d 00. 
32 100 72 100 32 100 72 100 

10073, 100 39 100-73 100_. 
34 100 74 100 34 100 74 200 

ss Be a ae, ees es Oe POO 198. 9000. 99..100. 75-100... 
36 100 76 100 36 100 76 100 

—— 2100.77. 100.437.100.277 100 


TEST NO-03 
(OVER) 
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TROUBLE #5 
—_— LOTAL_ ERRORS _ SOOO ac es 
DIGIT PLANE ERRORS. - % AND Y LINE ERRORS 
wow PICK DROP =P __PICK DROP. _ XL ERRS XL ERRS Yu. ERRS. .YL..ERRS... 
“ts 0. COO RS) .—COCOOtC«iCsi100 40 «100 0 «40 40S 40 
1 0 oO 1- 0 O 1] 100 4) 100) 49 4) 40 
“2 a 0 0 2 100 42 100 2 4042 = 40 
__3 0 o.3.. oO 0 3.100 43.100 3. 40.43. 40 
~~. &: 0 0 4 0 0 4 #100 44 100 & 4044 40 
3 0 5 O00 45) 100. 5 40 45 40 








6 0 0 6 0 0 6 100 46 100 6 40 46) 40 
a OT a 700 872) 20 1___40..47__40__ 

8 0 +:-0-8 0 - O -+240 0 50 010 40 50.. 
90 0 9 0 O12 051 011 4051. 40__. 
10 oO. 010 . 0 012 ° 052 ""0 12 4052 40 

1 | | z __0- 0:53 =O 134 59 
12 ‘O- 012 4000 0 14 054 - 0,14 40 54 40 
_.13 0. O13 -O.- 0 35’ Q 0.15 0. 
14 oO. 014 Oo oO 16 0 56 016 40 56 40 
23 O.. O15 90. O17. 67 7 4 874 
ne ee ore we tye 20,-:2100 60° 100,20 40 60 = 40- 
2 HEVN VORB" 100 61._100 27 40 61. 407 
‘XODD XEV “YEVN 22 100 62 10022 4062 40 

‘ = eee ae O06 9 OC ) 

ORIVER PANELS 7 24 100 64. 100 24° 40 64 “40 

—i—— -A___ A. cD 2500 65 100 25 40 65) 4 
xX 1000 5000" 1000 1000 . 26 100 66 100 26 40 66 40 


30. : 0 70: 030 4070. 40 


. | 32 0 72 0 32 40 72. 40° 

(a Sie 9 78 293. + 4073 40_... as 

34 0 74 0 34 40 74 40 

’ ETL ES SS EY: UE ae a. |. eee 0 DRY 5 346 OKO 75K 
36 0 76 0 36 40 76 .40 . 

ea OT 
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Trouble #5 DPD for R12 Defective 


Be 


Ce 


D. 


_ 3e 


L 
Core Storage Element 390 


Program Routines 


Le 
2e 


Je 
10. 
il. 


Ones discrimination 

Zeros discrimination 

Regular addressing 

Regular checkerboard complement 

Tnverted checkerboard complement 

P. Re Fo Test 

Regular checkerboard, worst pattern weak one. 
Regular checkerboard, strong zero. 

Inverted checkerboard, weak one. 

Inverted checkerboard, worst pattern, strong zero. 
Study the overall flow diagram of the program. 


Diagnostic Techniques 


le 


Refer to Maintenance Handbook Number 13 (642 Memory), 
Diagnostic Techniques Section for information about. 
programs, printouts and characteristics of the 642 
Memory. — 7 


Summary Questions 


Le 


Reo 


36 


4, 


De 


6. 
Te 


The Little Memory Program checks overall 
and yuns. on lines in M group ° 








If a CMD did not conduct, this error would be detected 
with test munber ° 


If a DPD would not conduct, this error would be detected 
by test mmber ° 


If a Memory Buffer FF would not set, this would be detected 
by test mumber ° 


Area one of the data reduction printout gives the 
mumber and the total number of failing. 





Area two of the printout does not list. failing bits. 
Area three lists the total errors on each | Line. 


XIV. 


Core Storage Element 


Maintenance Procedures 
General 


Refer to Maintenance Handbook Number 13 (62Memory) Corrective 
Procedures Section for the latest information about the items 


listed below. 


Le 
26 
30 
h, 
be 
6. 
Te 
8. 


Tuning Procedures for X10 Oscilloscope Probe. 
Voltage Calibration of Tektronix Oscillascope. 
Sweep Calibration of Tektrenix Oscilloscope. 

642 Memory Tuning Procedure. 

Spare Clock's 

P. U.'s that require adjustment upon replacement. 
SA & DPD replacement. 

Connecting the Spare Plane. 


Summary Questions ; 


Le 
2e 
36 
he 


The Oscilloscope probe should only be adjusted when 
viewing the | _ waveform. 


should be used when adjusting 
yotage -salibretiaa Gi the oscilloscope. 


The Time Mark Generator is for | calibration. 








When it becomes necessary to remove windows from Unit 11 
for waveform checks remove only at a time. 


Core Storage Element 


Ve Introduction to 256 Memory 


Ae 


B. 


Comparison of 642 and 256° Memories 


le 
26 
36 
4, 
De 
6. 
Te 
8. 


256" 
Storage locations 200, 0008 
MAR 16 Bits 
DPD's -L32 
SA's 33 
Sample times 8 
Memory Cycle 6 microsec. 
Frame Nos. 65, 66, 67 


X & Y Drivers 512 Tape Cores 


Block Diagram Analysis 


The 256¢ memory is divided into five sections: the Refer to Page 1) 
selection section, the array section, the sense section, 

the DPD section, and the timing and gating section. The 

block diagram also includes the MBR since it is the only 

path by which information can be transferred into or out 

of the memory. This register is not a part of the 256° 

memory since it performs a common function for elt three 


Le 


Qe 


36 


of the computer memories. 


1410 


10,0008 
12 Bits 
33 
33 

L 

6 microsec. 
10, 1, 12 
128 CMD's 


Normal operation of the 256° memory consists of transferring 
information into or out of specific registers of the core 
array. As a result, two specific types of memory cycles 

are possible; i.e., a readout cycle during which old — 
information is obtained from selected cores, and a store 
cycle during which new information is stored in the 


selected cores. 


The following sequence of events occurs during execution 


of a readout cycle: 


ae The desired address information is transferred to the 
selection circuits to condition the desired X and Y 


line drivers. 


be <A start memory pulse is generated. 


c. The MBR is cleared to prepare it for the subsequent 


information transfer. 


1420 


[ | SELECTION SECTION | 


BIAS CURRENT | 









(16) 
Yv SELECTION 
CIRCUITS 


BITS R4,RS ARE, R7 | Yu SELECTION 
| CIRCUITS 
FROM PROGRAM COUNTER, 
ADDRESS REGISTER ,OR 
IO ADORESS COUNTER 
TO MEMORY ADDRESS 
REGISTER | 


BITS RS ,RI,R2,R3 


X TAPE 
CORE 
MATRIX 
(16 X16) |. 








BITS Re.RO.RIO.RI! | xy SELECTION - SECTION 


CIRCUITS 


BITS RI2,RI3,RI4,.RIS_ | Xu SELECTION; | | 























CIRCUITS 
CLEAR IA DESELECT - 
MEMORY 
controcs| PULSE 
RAW TP-O . TIMING @ DIGIT PLANE MEMORY 
START MEMORY (TP-O DELAYED) GATING ORIVER BUFFER 
INHIBIT SAMPLE (TP-3) SECTION SECTION REGISTER 





(132 OPO'S) (33 FF) 






CLEAR TP-0 


SAMPLE PULSES DELAYED 


256" Memory Device, Block Diagram 
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d. Read-current pulses are applied to the selected 
X and Y lines to switch all of the selected cores 
to the 0 state. 


@ 


A sample pulse is generated to sample the output 
of the sense amplifiers. Individual outputs are 
used to set associated bits of the MBR. 


f. Write-current pulses are applied to the selected 
X and Y lines to rewrite the information just read 
out. An inhibit-current pulse is applied to selected 
inhibit region of each plane, if required to prevent 
the writing of a 1 in the selected core. 


g- The memory selection circuits are reset to prepare 
them for the next memory cycle. 


4. The following sequence of events occurs during execution 
of the store cycle: 


a. The desired address information is transferred to 
the selection circuits to condition the desired X 
and Y line drivers. 


b. A start-memory pulse is gen:rated. 
c. The MBR is cleared. 


d. New information is transferred to the MBR from an 
external source and an inhibit-sample pulse is generated, 


e. Read-current pulses are applied to the selected X and 
Y lines to switch all of the selected cores to the 0 
state, thus in effect erasing the old content. 


f. Write-current pulses are applied to the selected X 
and Y lines to write the new information into the 
selected cores. An inhibit-current pulse is applied 
to the selected inhibit region of each plane, if 
required to prevent the writing of a 1 in the selected core. 


g. The memory selection circuits are reset to prepare them 
for the next memory cycle. 


5. Actually, during the operation of the 256“ memory, a third 
type of cycle is possible, namely, the memory "not selected" 
cycle. The only operation performed in the 256° memory 
during such a condition (i.e., a memory cycle is executed 
but does not select the 256% memory) is that the memory selection 
circuits are reset to prepare them for the next memory cycle. 


6. 


~] 


© 


Core Storage Element 
The operations performed during the execution of either 
a readout cycle or a store cycle are very similar, the 
only difference being that in the readout cycle a sample 
pulse is generated, while in the store cycle, the sample 
pulse is inhibited and the MBR is loaded from an external 
source. Since the two cycles are similar, the following 
analysis will be based on a readout cycle. This analysis 
will not discuss the various timing details since this in- 
formation is covered in subsequent sections. 


At TP 0, the content of the program counter, address 
register, or 10 address counter, which specifies the 
desired memory address, is transferred to the MAR 
(which was reset during the preceding memory cycle), 

four bits of information being transferred to each of 

the four selection circuit groups. The portion of the 
desired address contained in each selection circuit group 
is then decoded to condition one of its 16 tape core drivers; 
thus one tape core driver is conditioned in each of the 

four selection circuit groups. 


- Also at TP 0, a clear-memory-controls pulse (row TP 0) 


is applied to a 1.5 usec delay line in the timing and 
gating section. If the 256° memory is not selected for 
operation, then this delayed pulse will be gated to clear 
the MAR to prepare it for the next memory cycle. If the 
2564 memory is selected for operation, then this delayed 
TP 0 pulse is suppressed and the MAR is cleared later in 
the memory cycle by a delayed start memory 1 pulse. 


If the 2564 memory is selected for operation, then a 
start-memory-1 pulse is generated at approximately TP 
0 40.4 usec and applied to the timing and gating section. 
This pulse is applied to the memory pulse distributor.. 
(delay line clock) and also sets the Xv and Yv read gate 


1440 


Refer to page 
1420 


generators. The output levels of these read gate generators 


are applied to their associated selection circuit groups to 
activate the conditioned tape core driver in each group. 
As a result, a read current pulse is generated on one of the 


16 Xv and one of the 16 Yv matrix selection lines to partially 


select one line of 16 tape cores in each tape core matrix. 


a. The X or Y tape core matrix contains 256 tape cores con- 


nected in a 16 by 16 square formation. Selection of a 


specific core is based on the coincident current principle. 


However, because the cores are affected by a biasing 
current (a separate biasing winding is used), the 
selected tape core will generate a positive output when 
the coincident read-current pulses are applied and a 


negative output when the read-current pulses are terminated. 


10. 


ll. 
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b. MAR - 16FF's - RS thru R15 ° ee. 
} wi 
Y - RS-R7. 
1) Yv -. RS-R3 ° 
2) Yu - R4-R7 eo 
X - R8-R15 


1) Xv - R8-R11 
2) Xu - R12-R15 


If the 2562 memory is selected for operation, then the 
remaining internal operations are controlled by delayed- 
start-memory-control pulses which are obtained by tapping 
the delay line at various points. The first clock pulse 

is used to set the Xu and Yu read gate generators to 

initiate a read-current pulse on the selected Xu and Yu 
matrix selection lines. Since the Yv and Xv read gate 
generators have already been set, coincident read-current 
pulses are applied to one U and one V selection line of 

each tape core matrix. The tape core at the intersection 

of the selected U and V lines is switched to produce a 
positive output current pulse of sufficient amplitude and 
duration to half select a ferrite core. The tape core 
matrices operate in unison, thereby fully selecting a ferrite 
core. The current pulses are supplied to the 256% array to 
cause the 33 selected cores to be switched to the 0 state. 
The selected core output signals are applied to the sense 
section where they are amplified and applied to condition 33 
gates. These gates are sensed by a clock-sample pulse; the 
conditioned gates will pass the sample pulse to set the associated 
bits of the MBR which was cleared at TP 1. 


Clock pulses now clear the read gate generators, terminating 
the read-current pulses applied to the selected lines of the 
tape core matrices. Termination of the read-current pulses 
causes the two selected tape cores ( one X and one Y) to be 
switched back to their original state. This action produces 
negative output current pulses of sufficient amplitide and 
duration to write half select the ferrite cores on the selected 
lines (one X and one Y) of the array. Since the two current 
pulses are generated in unison, the ferrite cores at the inter- 
section of the selected X and Y line will be switched to the 1 
state. However, the outputs of the MBR combined with the 
inhibit gate generator output are used to control the action of 
the 33 DPD's associated with the selected inhibit region of the 
array. If a particular bit of the original memory word contained 
a 0, the associated memory buffer flip-flop will contain a 0. 
Under this condition the associated DPD will generate an 
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inhibit-current pulse in the selected inhibit region 

of the array. Since the inhibit-current pulse is timed 

to actually overlap the write-current pulses applied to 

the array, the selected.core of the associated plane will not 
be switched to the 1 state, but will remain in the 0 state. 


12. During the latter portion of the memory cycle, a clock 
pulse is used to reset the memory address register (each 
selection circuit group contains 4 of the MAR flip-flops) 
in preparation for the next memory cycle. Since the 
output levels of the MAR are only used during the first 
half of the memory cycle (to specify which tape core 
drivers are to be activated), this reset action does not 
affect the remaining internal operations of the memory 
cycle being executed, 


C. 2564 Core Plane 


1. Sub-planes are 642 planes 


a. Arranged in 4 x 4 layout to form one 256% plane. Refer to page 
1470 — 
2. Sub-planes are numbered 0 thru 17 
3. Sense Sections Refer to page 
1490 


a. Array is divided into 4 Sense Sections - 4 sub- 
planes per section. 


b. Sense sections. are designated by letter A thru D 
as shown. 


c. Sense sections by sub-plane 


Section. Sub -planes 
A ' 2, 5, 10, 17 
B 3, 6, 11, 14 
Cc 0, 7, 12, 15 
D 1, 4, 13, 16 


4. Inhibit Regions 
a. Array divided into 4 Inhibit Regions... 


b. Inhibit regions by sub-plane. 


Region Sub-planes 
0 0,4,10, 14 
1 1,5,11,15 
2 2,6,12, 16 
3 3,7,13,17 
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Comparison of 64* and 256? Core Memory Planes 
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Coxe Storage ELement 


ExeampLe : 
Octal Address 01234 5 


Binary Equivalent og 
Octal-Quadrant Equivalent ne ol7} 242 


third digit develops a carry that 
significant digit; namaly, digit 2, 


180 


Presentation Kot. 


Refer to Page 
1470 


1490 




















- Va NO wn m OCTAL — QUADRAL 
~ 86 ~ OO as DESIGNATION 
8 88 228 RE everett 
236 486773 TT 773 | 002773 772 773 {003 773 §=6773 773 
INHIBIT. 3 
REGION 
193 O13 
192 003 
191 «= 772 
INtHGIT 2 
REGION 
(29 o12 
126 002 
127 Lad) 772 7711003 771 773 77 
INHIBIT 1 
REGION 
6S oll 
64 oO 771 OO! | CO2 O01 
63 770 771 770] 002 770 
INHIBIT 0 
REGION 
' oOo 
Oo 000 
z 5 NOTE: 
e = THE OCTAL NUMBER IN THE CENTER OF EACH 
$ 1< BOX IDENTIFIES THE SUB-PLANES. 
i 
Y x 
OCTAL— QUADRAL 
LINE DESIGNATION tet 2nd 3rd tet 2nd Sed . 


SS. eS. eS SSS. 
X ANDY BIT 


DESIGNATION A Ye ‘Ys Ya Y3 Ye vy Yo 7 %g  Xg X4 Xy XQ OMY Xo 

MAR BIT mu 

DESIGNATION RS ' 2 3 4 ry 6 7 r 9 10 au 12 13 14 is 
en ed eee | “4. — end 

OCTAL U AND V (st 2ad let 2ad tet 2ad tet 2ne 

DESIGNATION 

Y Vv v U x Vv x U 
OCTAL ADORESS 
pesicnation_'®* 2nd 3rd 4th Sth 6th 


Addressing of 256° Memory 


360 
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De 
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Core Storage Element a 


Example : 


543 (oequad) £2 & 590(oequad) 


In all cases, mumbers to be added to an ocquad mumber 
must also be in ocquad notation. 


The physical X and Y¥ drive lines of each subplane are no Refer to table 
longer referenced to the individual subplanes; rather, for Pages 1510 
addressing purposes, the X and Y¥ drive lines are mmbered and 1520 

in consecutive decimal order from 0 to 255. It should also 

be noted (from the ocquad designation shown for the associated 

physical lines) that consecutive X lines are contained 

in consecutive inhibit regions, and consecutive Y lines are 

contained in consecutive colums of subplanes. Since the 

MAR is grouped in a symmetrical system, the table is 

applicable for both X and Y line designation. 


In uping the table to determine the physical line specified 
by an ocquad mmber, the least significant digit (3rd) 

of the ecquad mumiber should be examined first to pine. 
point the. applicable colums as follows: - 


CONTENT OF PHYSICAL LINE 
301 DIGIT COLUMNS 
0 L 
1 2 
2 3 
3 ) 
Since the firat two digite of the ocquad mumbers in each 
pair of columms are listed in oonsecutive order from 00 toe 77, 


Go 
a brief search will yield the desired ‘results. 


Ocquad number 612 » physical line 177 
The third digit cf the exemple specifies that the ocquad 
mimberx is contained in colum 3 of page 1520. 


eee ee ee eee wee ee cegaes eer 
specifies physical line 177. . 


A study of the new addressing scheme reveals that selected 
cores can also be located by first ‘ddentifying the gubplane 
specified, and then determining which X and Y drive lines 

axe specified within the selected subplane. It should also 
be noted that the third digit of the X line ocquad designation 
is always the same within an inhibit region, and the third 
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RELATIONSiIP OF PEIYSICAL LINES TO OCQUAD LINJE DESIGNATION 








X-Y X-Y no | X-Y 
PHYS OCQUAD PHYS OCQUAD PHYS OCQUAD PHYS OCQUAD 
LINE ADR LINE ADR LINE ADR LINC ADR 
: ae 33 410 | 6A ee 97 ™_ 
1 010 34 420 65 O11 98 421 
2 020 a6 ‘Gs 66 021 99 43) 
3 030 36 440 67 031 100 44) 
4 040 37 450 68 041 7 101 451 
5 050 i ee 69 051 102. 461 
: os 39 \ 470 “ as 103 an 
7 070 40 500 71 071 104 501 
8 100 gig. 72 101 105 $11 
9 110 is ay 73 111 106 $21 
10 120 3 530 74 128 107 531 
11 130 44 vr 75 131, 108 541 
12 _ 45 $50 76 141 109 $51 
13 150 46 560 77 151 110 561 
14 , 160 pa sa 78 161 a 571 
15 170 79 171 
16 200 - ey 80 201 ne i 
17 210 bi el 81 211 oa = 
18 220 50 620 g2 221 — oat 
19 230 $1 630 83 231 Ht p) 
20 240 52 640 84° 241 116 641 
21 250 53 650 85 251 117 651 
22 260 54 0Ci(t”:*:*« GO 86 261 118 ' 661 
23 270 55 oor 87 271 119 671 
24 300 = os 88 301 36 a 
a en a 
27 330 is ier 91 331 a i 
28 340 se ie 92 341 oe al 
be ss 60 740 e = 124 741 
i aan 61 750 - az 125 751 
31 370 62 - 760 95 371 126 761 
127 771 


RELATIONSHIP OF PHYSICAL LINES TO OCQUAD LINE DESIGNATION (cont'd) | 


XY |; X-Y X-Y X-Y 
PHYS OCQUAD PHYS OCQUAD PHYS OCQUAD PHYS ‘OCQUAD 
LINE ADR LINE ADR LINE ADR LINE ADR 
128 002 161 412 192 003 225 413 
129 012 162 422 193 013 226 423 | 
130 022 163 432 194 023 227 433 
131 032 164 442 195 033 228 443 
132 042 165 452 196 043 229 453 
133 052 166 462 197 053 230 463 
134 062 167 472 198 063 231 473 
135 072 168 $02 199 073 232 503 
136 102 169 $12 200 103 233 $13 
137 112 170 522° 201 113 234 $23 
138 122, 171 $32 202 123 235 533 
139 132 172 542 203 133 236 543 
140 142 173 $52 204 143 237 553 
141. 152 174 562 205 153 238 563 
143 172 176 602 207 173 240 603 
144 202 208 203 
177 612 241 613 
145 212 209 213 . 
178 622 242 623 
146 222 210 223 | ” 
147 232 ik O32 211 233 a 973 
148 242 180 642 212 243 a“ - 
149 252 181 652 213 253 245 653 
150 262 182 662 214 263 246 663 
151 272 183 672 215 273 247 673 
152 302 184 702 216 303 248 703 
12 
153 31: as _ 217 313 vr iG 
154 322 218 323 
186 722 250 723 
155 332 219 333 
187 732 251 733 
156 342 220 343 
188 742 252 743 
157 352 221 353 | 
189 752 253 753 
158 362 222 - 363 
254 
159 372 ig ane 223 373 : une 
160 402 ae us 224 403 oe ne 
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digit of the Y line ocquad designation is always the 
seme within a colum of subplanes. As a result the 
octal subplane designation corresponds to and is 
readily identified by regrouping the binary equivalent 
of the third and sixth digits of the ocquad address 
designation. These two ocquad digits, which consist 
of MAR bits Y,, Yo, X,, and Xp, are regrouped so that 
the first digit of the octal subplane designation is 
specified by the content of bit ¥ |, while the second 
digit is specified by the sum of bits Yo, X , and Xo. 
Since the first two digits of the X and Y line ocquad 
designation spec consecutive physical X and Y lines 
(in octal notation) within a subplane, it is only 
necessary to determine which subplane is selected in 
order to completely identify the selected X and Y drive 
lines. The following example will serve to illustrate 
this fact. . 


Ocquad address 123 451 


Binary equivalent of third and 1101 
sixth digits 


Octal] equivalent of third and 15 
sixth digits 


Thus, ocquad address 123 451 selects the core at the 
intersection of Y » 12/8) (109) and X = 45g 


Te  Subplane Selection 
MAR BIT GROUPING SELECHED SUBPLANE 


YM Yo Xi Xo (OCTAL) 
re) 0) O 0) 0) 
) 0) 0) 1 1 
0) 0) 1 -@ 2 
2) 0) 1 1 3 
O 1 0) 0 h 
0) 1 0 1 5 
O 1 1 0) 6 
2) 1 1 1 T 
1 Q 9) 0 10 
1 0) 9) 1 1 
1 te) 1 0) 12 
1 0) 1 1 13 
1 1 0 9) 14 
1 1 9) 1 15 
1 1 1 fe) 16 
1 1 1 1 7 
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’ 8. Numbers added to or subtracted from an ocquad number 
must of necessity be in ocquad notation. Thus, if it 
is desired to add the index register content to a memory 
address specified in ocquad notation, it is necessary to 
first convert the index register content into ocquad 
notation. In,;performing the actual addition, it must be 
noted that the third.and sixth digits of the ocquad number 
are actually in quadral notation (radix of 4); therefore, 
the maximum number that can be expressed by these digits 
is 3. If this value is exceeded during the addition of 
quadral digits,develop a carry of 1 to the next most significant 
digit. The numerical ‘difference represents the value of the 
quadral digit. When subtracting ocquad numbers (e.g., 
modification of the index ‘register content by the index 
interval), these same precautions must be observed. 
The following examples serve to illustrate the addition 
and subtraction processes. 


OCTAL OCQUAD 

NOTATION NOTATION 
(1) Memory Address 0.03163 012 343 
Index Register 0.01234 002 470 
Sum 0.04417 | 021 033 
(2) Index Register 0.01234 002 470 
Index Interval 0. 00452 001 122 
‘Difference 0.00562 001 342 


E. Summary Questions 


‘1. There are a sample Times in the 256° Memory. 
Zz. List the expanded memory frame numbers and state which 
is the array. 4a GU Go? 


3. List which MAR Bits feed each of the four selection 
circuits. 2 5-2 2 Rd P- wed a / 
Yo, XK x 
Vv von z 
4. A given re & core is to have a ''0'' written into it. 
How many cores on the same digit plane will receive 


inhibit current? 90 -thew ,. 


5. A tape core will supply half-read current to how many 
ferrite cores? < :/ 4% Z 


&cbDp 
6. One SWD supplies current to how many_2BG's? br ea Oc¢) 
7. In what manner is write current obtained? uten Aeady current 1a olregaped 


“Ee. bras Tadaumg over 
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8. How many inhibit regions are there in expanded memory? 4 
16D Oifleo1OtilO 
9. Address 1.23456 is located in what subplane? / 4 


10. Convert the following octal addresses to their Octal- 
: Quadral equivalent: 


a 0.76543 erie 37/ 303 
"ee NE Looe tl s2 Y33 
Ce 0.76460 CALLE td © 82 0 . oo 
de 1.23456 OWIZO O10 7s 

345 ALAR OMSO COLON f L460 coe ee 


Coe 1.76763 , AEM OL O 
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xVI. 256% Ferrite Core Array 
A. Function and Capacity 


1. The 256° ferrite core array contained in Unit 66 is the 
principal component of core memory | Since it is the 
information storage center of this memory device. 


2. The storage capacity of the 256¢ ferrite core array is Refer to page 
equal to 65, 53619 words of 33 bits each. Since a single 1570 
core can store one bit of information, the array contains . 
65,536 x 33 or 2, 162, 688 ferrite cores. These cores. 
are arranged in a 3-dimensional array in which each 
horizontal layer or digit plane contains 65, 536 cores arranged 
in a 256 x 256 square formation. The 33 digit planes of 
this array are stacked vertically and the X and Y selection 
windings of these planes are interconnected to form the X 
and Y selection windings of the array. Actuation of the 
current drivers associated with one X and one Y selection 
winding will mutually affect the vertical column of 33 cores 
(one core in each digit plane) that represents the selected 
memory register. 


B. X and Y Selection Lines 


1. Selection of a memory register involves the simultaneous Refer to page 
application of read-write current pulses to the similarly 1590 
addressed core in each digit plane. Therefore, the 
corresponding X and Y drive lines in each of the 33 digit 
planes of the array will be involved in the operation. In 
order to provide a control so that one current driver can 
supply read-write current pulses to the corresponding X 
or Y drive line of each digit plane, the similarly numbered 
X and Y drive lines of all digit planes are connected in 
series (by means of jumpers) so that common selection 
windings will be formed. One end of each of the 256X and 
256Y selection windings is connected to a read-write current 
driver; the other end of each winding is connected to a 
terminating resistor. In this ferrite core array all of the 
X selection line drivers (256) are connected to'the left and 
right sides of the array while all of the Y selection line 
drivers (256) are connected to the front and rear sides of 
the array. In each case, the selection line drivers are 
connected to the parity plane while the selection line 
terminating resistors are connected to the bit R15 plane. 
Since the input and output connections of the X and Y selection 
windings are the same, the following discussion will deal 
with the X selection windings only. 


2. The 256 X read-write current drivers, one for each X selection 
line, are connected to the array as shown, Current drivers for 
even numbered lines (0, 2, 4, etc.) are connected 
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to the even numbered pins on the right side of the 

parity plane. The even numbered pins on the left side 

of the parity plane are jumpered to similarly numbered 
pins on the left side of the bit LS plane, the bit LS 

plane is similarly connected to plane LI on the right 

side of the array, etc. Alternate planes are similarly 
connected to include the 33 planes of the array. The 
terminating resistors for these even numbered lines are 
connected to the left side of the bit R15 plane and mounted 
on the lower left side of the array. 


. Drivers for odd-numbered lines (1, 3, 5,....63) are 


connected to the odd-numbered pins on the left side of 

the parity plane. The odd-numbered pins on the right 

side of the parity plane are jumpered to similarly numbered 
pins on the right side of the LS plane. Alternate planes are 
similarly connected to include all 33 planes of the array. 
The terminating resistors for these odd-numbered lines 
are connected to the right side of the R15 plane. These 
terminating resistors are mounted on the lower right 

side of the array. 

The Y selection windings are connected on the front and 
back sides of the array in’ exactly the same manner as 
described above. The even-numbered Y line drivers are 
connected to the even-numbered pins (0, 2, 4,etc.) on the 
front side of the parity plane; the odd-numbered Y line 
drivers are connected to the odd-numbered pins (1, 3,5, 
etc.) on the rear side of the parity plane. The terminating 
resistors for even-numbered Y lines are mounted on the 
lower rear side of the array; the odd-numbered Y line. 
terminating resistors are mounted on the lower front 

side of the array. 


X and Y Addressing Refer to page 


a. Ocquad Addresses 
1) Left to right facing panels A & D 
2) Right to left facing panels B & C 
b. Physical Lines 


1) Even physical drive lines (0, 2 ~ 62) enter 
on Panels A & D 


2) Odd physical drive lines (1,3 - 63) enter 
on Panels B & C 


c. Ocquad Even Addresses 
1) ''Y'' even addresses enter on sub-planes 0,3,10 & 13. 
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O00 NUMBERED EVEN NUMBERED 
X DRIVERS X DRIVERS 
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TO EVEN NUMBERED TO 00D NUMBERED 
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Front View of 256’ Ferrite Core Array 


: co" Panel 


65 “ye Odd Physical zn] 67 
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‘Left 
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"A" Panel 
Front 
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2) "x" even addresses enter on sub-planes 0, 
2, 14 & 16 


d. Ocquad Odd Addresses 


1) "Y" odd addresses enter on si ee 4, 7; 
14 & 17. 


2) "xX" odd addresses enter on sibeianes 1, 15, 
3 & lle 


e. Octal Portion of Ocquad Address 
1) ‘The octal portion of the ocquad address can be 

used to determine the panel that a drive line 

for a particular address enters the array. 

Example: The octal portion (000 000 00) of an 
address will enter the array on its 
decimal equivalent. 
Octal Portion Physical Line 
0-76 enters on 0-62 Panels A&D 


1 - 77 enters on .1- 63 Panels BEC 


Summarize 


a. The quadral portion of the ocquad address can be used 
to determine the section (0-3) of the plane that a 
drive line enters the plane. ! 


NOTE: . Sections left to right (0.3) facing A & D. 


bd. ‘The Octal portion of the ocquad address can be used to 
determine the line and side of the plane that an address 
enters. 


Co Penel letter used in place of Module letter - 66A, 663, 
66C & 66D. : 


de : Odd & Even terminology (63 is the highest odd physical 
line, 0 is the lowest.even physical line that enters 
& sub-plane. 


C. Inhibit Windings 


Le 


Each digit plane of the 256° ferrite core array is composed 
of 16 subplanes. Each subplane contains 4,096 cores 
arranged in a 64 x 6) square formation and all of the 
windings required for memory operation. Two distinct 

types of subplanes are used in the construction of this 


1600 


260 


36 


De 
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in order to provide fox wiring symmetry. The 
two types of subplanes are very similar and differ 
only in the manner in which the inhibit winding is 
wound. The 256¢ array is actually composed of two 
pes of digit planes. One type of subplane is used 
in the construction of 17 digit planes, while the 
second type is used in the construction of the other 


16 digit planes of the array. 


An abbreviated version of each type of subplane using Refer to Pages 
16 cores in a 4 x 4 formation reveals that the only 1630 & 1640 
difference between the two types of subplanes is that 

in the Type 1 subplane the inhibit winding is wound 
parallel to the X windings, while in the Type 2 subplane 

the inhibit winding is wound parallel to the Y windings. 


| 


‘ae Inhibit parallel to Y drive lines in 17 of the Planes. 


(Parity Ll, L3 - R15, Odd bit planes) 


be Inhibit Parallel to X drive lines in 16 of the Planes. 
(Ls, L2, baad R14, Even Bit Planes ) 


The inhibit windings of four subplanes in a row are Refer to Pages 1660 


comnected in series to form one winding. As a result, and 1670 
four such independent windings are obtained, one for 

each of the four inhibit regions into which the digit plane 

is divided. The four inhibit region windings of each 

digit plane are associated with individual DPD's. These 


drivers are controlled so that inhibit current, if 


required, is only generated in the inhibit regions which 
contains the selected core. 


The subplane feedthrough wires (internally connected between 


pin 65 on the left and right sides) of each inhibit region 


ere also connected in series to form a long wire. This 
feedthrough wire is comected to the inhibit region winding 
on one side of the digit plane (jumper between pins 6 

and 65) so that the DPD input and terminating connections 
can both be made on the opposite side of the digit plane. 


The external connections to the inhibt region windings 
readily identify the digit plane as being in either the 
left or right half-word. A digit plane of the left half- 
word (pins 64 and 65) for the inhibit region windings are 
located on the left side of the plane, while the feedthro 
and inhibit windings are jumpered togéther (pins 64 and ey 
on the right side of the plane. Conversely, the inhibit 
winding input and teminating connections for right half- 
word planes are made on the right side of the digit planes, 
while the feedthrough and inhibit windings are. jumpered 
together (pins 64 and 65) on the left side of the plane. 


1620 


Note: This sub-plane used for 
sub-planes 2, 3, 6, 7, 12, 13, 

16, & 17 in Odd Bit positions. 

Even Bit positions have Inhibit 
Windings parallel to the X Windings. 
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6. Because the X and Y array selection windings are 
formed by serially connecting the similarly numbered 
drive lines of adjacent digit planes, the direction of 
read-write current flow in the similarly numbered drive 
lines of adjacent digit planes will always be in mutually 
oppesing directions. Since the inhibit-current pulse must 
always oppose the write-current pulses that are applied 
to the selected X and Y windings of each digit plane, the 
direction of the inhibit winding must also be reversed in 
adjacent digit planes. The required reversal in the 
inhibit winding direction of adjacent planes is accomplished 
by alternately connecting the DPD (associaicé with each 
digit plane) to pins 64 and 65 for each successive digit 
plane of the array. 


7. Since the DPD's associated with the left half-word are Refer to page 
all connected to the left side of the array, each DPD 1570 
of the topmost or parity plane will be connected to pin 
64 on the left side of the plane. Each DPD of the next 
lower or LS plane will be connected to pin 64 on the 
right side of the plane. This alternate paitern is — 
repeated for the remainder of the left half-word with 
the result that each DPD of the L15 plane will be con- 
nected to pin 64 o:: the left side of the plane. Since 
the DPD's associated with the right half-word are con- 
nected to the right side of the array, each DPD of the 
RS plane will be connected to pin 64 on the right side 
of the plane. The alternate pattern of connecting the 
DPD's is resumed for each successive digit plane com- 
prising the remainder of the right half-word. 


8. The inhibit winding of each subplane of the 256° ferrite 
core array is associated with a digit plane driver (DPD). 
During the execution of a memory cycle, tie associated 
DPD is controlled so that an inhibit-current pulse will 
be applied to the subplane inhibit winding (during the 
write portion of the cycle) if it is required to inhibit 
the writing of a 1 in the selected core of the subplane. 

4 


D. Sense Windings 


1. The sense winding of each subplane of the array is Refer to pages 
. associated with a differential input sense amplifier 1660 & 1670 
which functions to amplify the induced voltages that 
are produced by the switching action of each core in 
the subplane. Each subplane has two separate windings, 
labeled 1 and 2. (In the digit plane, these individual 
windings are connected in series by means of internal 
external jumper wires to form one long winding.) Each 
winding passes through half of the cox2s of the subplane 
following diagonal paths in ozder to minimize the 
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capacitive and inductive coupling between itself and the 
other windings of the subplane. 


The subplanes of each digit plane are grouped into four. Refer to Pages 16¢ 
sense sections with four subplanes in each section. The 

sense windings in the four subplanes of each sense section and 1670 

are connected in a series parallel arrangemént to provide 

common output points. These common output points are con- 

nected to the front side of the digit plene by means of 

the vertical twisted pair wires that were added to the 

supplanes of inhibit regions 0 and l. 


Sense section A consists of subplanes 2, 5, 10, and 17. 
The sense windings of subplanes 5 and 10 are connected 
in series, and the sense windings of subplanes 2 and 17 
are also connected in series. These two series-connected 
groups of windings are connected in parallel (by means 
of the twisted pair wires in subplanes 0 and 1) to supply 
one input to the associated sense amplifier. 


Pin 69 at the back of subplane 1 is connected to pin 69 
on the left side of the jwmered connection into subplane 
5, then through sense winding 1 of subplane 5 and sense 
winding 2 of subplane 10 to pin 69 at front of subplane 10. 
Pin 69 is connected to pin-68. From pin 68 the path goes 
through sense winding 1 of subplane 10 and sense winding 

3 of subplane 5 to pin 68 at the back of subplane 1. ‘he 
series connection of the sense windings of subplanes 2 
and 17 is similar to that for subplanes 5 and 10 with the 
addition of the twisted pair commecting link running through 
subplanes 2, 6, 12 and 16. | 


From pins 68 and 69 at the back of subplane 1, the series- 
parallel connected subplane sense windings are cotinected 
through twisted pair links in subplanes 1 and 0 to pins 66 
and 67 at the front of subplane 0. ‘These terminals are 
the external connections of the sense section A sense 


windings. 


The connection of the sense windings of the other sense 
sections is similar to that just described for section A. 
Signals from the four sense sections of one digit plane are 
applied to the four input preamplifier chamels of one 
sense amplifier. Thus, as a result of this wiring scheme, 
@ Single sense amplifier can detect and amplify the output 
Signal from any core in a digit plane. | 


Sense Winding Outputs ' Refer to Page 170 


&- Output of sense winding felt by sense amplifier 
depends on where the fully selected core is on sense 


winding. 


Coxe Storage Element 1690 


be If the fully selected core is close to an end 
of the sense winding, then the output of the 
core will be felt by that end of the winding 
sooner than the output at the opposite end. 


(Less delay. ) 


ce The maximum output from the sense winding is when 
the core in the center of the series-parallel 
wiring arrangement is switched. As a result of the 
Signal, being produced at the center of the winding, 
maximm difference is felt by the SA at the ends 
of the winding. 


Sense Winding Summary 
ae Four per plane (A, B, C & D) 


be Sense windings effectively OR 'rd together as input to 
to one SA. 


ce Each SA input A, B, C & D to feel { of the half-selections. 


d. Each SA input A, B, C&D to feel + the effects of an 
inhibit cycle. 


e. Of the noise generated on the four (4) SA windings, 
since they are effectively OR'ed together at the 
input to the SA, only the largest amplitude noise 
(as a result of half-selections and inhibit cycles) 
developed on one of the four inputs to the SA is felt 
by the common SA. 


f. By having four inputs to the SA, the inputs could come Refer to Page 1700 
at different times with respect to one another. This 
means that the duration or width of the common SA input 
could vary if the four input section outputs came at 
different times. 


Sense Winding Sample Groups 


&. Because the X and Y selection windings are electri- Refer to Page 1570 
cally long, a definite amount of time is required for 
the read-write current pulses to appear at any specified 
point on the line; that is, these current pulses are de- © 
layed slightly as they travel through the array. This 
delay in the selection-line-current pulses affects the 
array readout timing, since all of the selected cores 
are not being switched at the same time. For optimm 
results, when a core is switched, the sense amplifier 
should be sampled. To insure optimm results the 
sense amplifiers are grouped to be sampled progressively. 
The time difference between these sense group sample pulses 
is approximately 0.04 usec. 


September 1, 1960 


1700 


SENSE WINDING - SENSE REGION A 


NOTE: NUMBER 
ABOVE THE WINOING 


REPRESENTS 
SUBPLAN. 








CORE AT! CORE AT2 | COREAT 3 
INPUT | 
TO SA 
A 

OUTPUT 
FROM SA 

A A 

B B 

D b>] 








«—— Output to common 


, <— Output to common 
SA section same 


7 SA section with 
as "A'' Input. | Inputs coming at 
different times. 
SA INPUTS 
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Transmission Line Characteristics 


Due to their length in telation to the wave ‘lengths of the 
drive pulses the windings in the array mst be considered 
as transmission lines and problems relative to them solved 


as such. 
1. ‘There are 256 X and 256 Y lines each approximately 
100 ft. long. 
2. There are 132 inhibit wires each, approximately 192 
sf. long. 


3. There are 264 series sections of sense wire with each 
section approximately 100 ft. long. 


4. Pulses are essentially square waves, many harmonics 
of which represent a mach higher frequency than the 
repetition rate of the pulse. 


5. <A transmission line is two-conductors. ‘The 
when in the vicinity of ground, fulfills this requirement 
by using ground as the other conductor. 


6. Drive line of 100 ft. (as X or Y) represent an electrical 


length approximately one wave length long. This classifies 
the drive line as a long transmission line with inherent 


tranamission line characteristics. 


&. Sense windings in parallel do not exhibit trans- 
mission line characteristics, bad series portions 
of them doe 


Te Transmission Line Characteristics 


ae Series inductance of the wire which takes into account 
the effect of all the ferrite cores on the wire. 


be Series resistance of the wire at both DC and high frequency. | 

ce Shunt resistance of the wire to all other wires in the 
array e 

de Capacitance from the wire to all other wires in the 
array 


8. The characteristic impedance of the line is matched with a 
proper value of terminating load resistance. 


a Series and shunt resistances are considered negligible 
effect. 
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be. Characteristic impedance calculated and lines 
terminated as follows; 


- 1) X and Y lines = 140 ohms 55w 
2) ‘Inhibit lines © 147 chms 25w 


F. Summary Questions 


1. For the following octal addresses, determine from the 
Ocquad designation what the corresponding "X" and “Y" 
physical drive lines are: 


ae OoThTh7 OI 297 
De Le 73212 fa Lose Ce DOM ODI IE? 
Ce 1666677 £2 259 oe 
do. 0.00314 ve-0 gy, 
Co 0.45112 BOG ce a ae 
2. One drive line passes thru how many ferrite cores. 2s" ~, | a 


3e How many ferrite cores will be half selected during the 5, = , sO 
selection of an address? 


4. How many DPD's are used in 2566 memory? / ¥ 2¢/0) 
5. Which bits of the address word are used to select a DPD akett 2 L586 of MAK 
6. How many cores on one sense winding will have inhibit current 
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Simplified Logic 2562 Memory 
A. Address Selection 


le The address selection process consists of decoding Refer to foldout 
the contents of the memory address register. and de- Page 2300 
termining, on the basis of the information thus ob- Logie Diagram 2564 
tained, which X line and which Y line in the ferrite Memory 


core array is to be driven in the subsequent reading 
end writing process. When read and write-current 
pulses are applied to the selected array lines, the 
read and write processes take place in the cores of the 
selected address; that is, in the cores at the junctions 
of the selected X and Y lines. 


2. The MAR content - which is transferred from either the 
program counter, address register, or IO address counter - 
is decoded by four groups of selection circuits. Two of 
these circuit groups are used to drive the U and V 
selection lines of one tape core (CCD) matrix. Each 
circuit group decodes four bits of the address to select 
one of its 16 switch drivers (SWD). When a read-gate 
Signal is applied to the associated current regulator 
(CR), the selected switch driver delivers a current pulse 
to one U or one V selection line of its associated tape 
core (CCD) matrix. Each matrix receives a current pulse 
on both a U and V line and, as a result, a current pulse 
ig generated on one of its 256 output lines. This current 
pulse drives one selection line of the ferrite core arrays 
One tape core matrix drives an X line, and the other 
drives a Y line to complete the selection end driving 


PYOCeSEB . : 
DIODE MATRIX 
CIRCULL GROUP DECODER INPUIS 
Yv RS=R3 
Yu R4-R7 
Xv - R8-R1LL 
Xu R12<R15— 


B. Sense Section 


le The output of each: sense section is connected to one of 
the four input sections of a sense amplifier; thus, 
each sense amplifier consists of four separate input 
sections and a common section. The common section of 
the sense amplifier contains a gating circuit which is 
sensed by a sample pulse to determine the output of the 
selected core. During a readout cycle, if the selected 
core contained a one, the associated MBR flip-flop, which 
iz cleared at the beginning of the cycle, will be set to 
the 1 state. If the core contained a O the associated 
MBR flip-flop will remain in the 0 state. 
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2. The sample pulse does not sense all 33 sense amplifiers 
at the same time, but rather is delayed in steps of 
approximately 0.04 usec to sample groups of sense 
amplifiers. This delay in sample time between the 
first group and subsequent groups of sense amplifiers 
is required because of the delay inherent in the X and 
Y selection lines. For optimum results if a 1 is read 
out of a plane, it is-necessary to sample the amplified 
output pulse when it is at its peak. The use of eight 
sample pulses compensates for the selection line delays 
and permits maximum memory reliability. . 


a. Bit Sample Times 


1) P-L3 

2) L4-L7 
3) L8-Lll 
4) L12-L15 
5) RS-R3 
6) R4-R7 
7) R8-RF1 
8) R12-R15 


3, During a store cycle the sample pulse generated by the 
memory clock must not be applied to the sense amplifiers. 
When such a cycle is executed, an inhibit sample pulse is 
supplied to the memory element at the begiming of the 
cycle. This pulse sets the sample gate generator, thereby 
deconditioning the sample gate so that the sample pulse will 
be inhibited during this cycle. The sample gate generator 
is cleared at the end of each memory cycle; thus a readout 
cycle is executed if an inhibit sample pulse is not supplied 
to the memory. 


C. Inhibit Section 


1. The DPD section of the 256° memory element contains 132 
DPD's, which are used to supply inhibit current pulses 
to the memory planes of the array. The output of a DPD 
is a current pulse of approximately 410 ma, and the winding 
geometry of the array ensures that this output will have the 
same effect as a half-select read current pulse. An inhibit 

. current pulse is used during the write portion of a memory 

cycle to prevent the writing of a one by cancelling the effect 
of one of the write-current pulses applied to the selected core 
of the plane. 


2. The memory plane is divided into four inhibit regions, 
each region containing four subplanes. The individual 
subplane ‘digit windings of an inhibit region are connected 
in series to forr. s common inhibit region digit winding. 
One DPD is used to supply an inhibit-current pulse to 
one inhibit region digit winding; thus, four DPD's are 
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required per memory plane. The four DPD's of each plane 
are controlled to supply an inhibit-current pulse, if 
required, to the inhibit region which contains the selected 
core. 


Because of the method of addressing used in the 256° 
memory, consecutive memory addresses are contained in 
consecutive inhibit regions. Since four inhibit regions 
are available, the two least significant bits of a memory 
address contained in MAR bits Ri4 and R15 are used to 
determine which inhibit region is selected. 


INHIBIT MAR BITS 
REGION SUBPLANES R14 and R15 
0 0,4,10,14 00 
1 1,5,11,15 O1 
2 2,6,12,16 | 10 
3 357, 13,17 aL 


The inhibit gate generators are in the cleared gtate at 
the beginning of each memory cycle. If the 256° memory 
is selected for operation, a start-memory pulse is 
applied to the memory clock to initiate memory operation. 
During the read portion of the memory cycle, information 
is transferred to the MBR from either the selected memory 
address (readout cycle) or from an external source (store 
cycle). In either case, during the write portion of the 
memory cycle, the information contained in the MBER is 
written into the selected address. If specific bits of 
the MBR contain O's then an inhibit current must be 
generated in the selected inhibit region of the associated 
memory -planes to overlap the write-current pulse, thereby 
preventing the writing of a 1 in the selected core. A 
set-inhibit pulse is generated by the memory clock which 
senses the gate tubes controlled by MAR bits R14 and R15 
to set the inhibit gate generator for the selected inhibit 
region. The selected inhibit gate generator develops a 
negative pulse (410 to -30) on ite O-side output which is 
applied to the -AND input circuit of each associated DPD. 
If a particular MBR flip-flop contains a O its l-side 
output will be at a ~30-volt levei and the negative AND cir- 
cuit Will activate the associated DPD circuit. An inhibit- 
current pulse will thus be generated in the selected inhibit 
region of the associated plane. 

at 
The selected inhibit gate generator is cleared approximately 
2.0 usec after it was set; thus the inhibit-current pulse 
(2.Ousec in duration) will properly overlap the write-current 
pulses. 
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6. There are two Inhibit Gate Generator Sections - one for 
the left word, one for right word. Both function the same. 


D. Timing and Control Section . 


1. The timing and control section consists of a memory 
pulse distributor (MPD) and the entire complement of 
gate generators controlled by it. The MPD is actually 
a long delay line (approximately 6.0 usec) which receives 
a start-memory pulse at the beginning of each 256° memory 
cycle. The delay line is tapped at several points, and the 
various delayed pulses are used to control the gating 
circuits. These gating circuits consist of flip-flops, 
whose output levels control the various memory circuit 
functions. 


2. Three different input signals are supplied from the Central 
Computer System to condition and activate these circuits. 


a. TP 0 pulse 
b. Start-memory pulse (TP 0 delayed) 
c. Ihhibit sample pulse (TP 2) 


3. The first signal is supplied to the 256° memory, regardless 
of its selection status. If the 256° memory is not selected, 
the TP 0 pulse initiates action to reset the MAR and IA deselect 
flip-flop. If the 256° memory is selected for operation, the 
second pulse, start memory is also generated to control the 
timing of the read-, write- and inhibit-current pulses required. 
during the execution of both the store cycle (OTb or Bl) and 
the readout cycle(PT, OT or BO). During execution of the 
store cycle, the third pulse, inhibit sample, is also generated 
to inhibit the sampling of the sense amplifier, thereby erasing 
the content of the specified memory location during the read 
portion of the cycle. 


4. The V gate generators are set by the start-memory-delayed Refer to timin 
pulse (approximately TP 0 #0.4 usec) to supply a nega- chart on page 
tive gate to the conditioned Xv and Yv current regulators, 1770 
which in turn control the generation of the current pulses 
supplied to the specified V selection lines of the tape core 
matrices. The TP 0 pulse is also applied to MPD IV; 
however in this example the MPD IV gate tube is conditioned 
when sensed, so that no action results. Approximately 0.2 
usec after the start-memory pulse was generated, the U read 
gate generators are set to supply current pulses to the specified 
U selection lines of the tape core matrices. Asa result, each 
tape core matrix 1s now supplied with U and V current pulses and. 
the selected tape core of each matrix will switch to provide read- 
current pulses to the associated X and Y drive lines of the array. 
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Approximately 1.9 usec after the start-memory pulse 
was generated, MPD I develops a sample pulse which 

is applied to the sample gate generator tube. If a 
memory readout cycle is being executed, the gate tube 
will be conditioned so that the eight sample pulses 
will be applied to the 33 sense amplifiers. Staggered 
semple timing is required because of the delay charac- 
teristics of the X-¥ drive lines. 


Approximately 2 usec (MPD I) after the start-memory 
pulse, the Xv and Yv read gate generators are cleared 
to terminate the read-current pulses. 


Approximately .6 usec later, MPD IT generates a pulse 
to clear the Xu and Yu read gate generators to initiate 
the write portion of the cycle. The U and V read gate 
generators are set and cleared at seperate times in order 
to speed up selection and also to reduce the nedse gen- 
erated in the sense winding. The action of clearing the 
read gate generators causes the two selected tape cores 
(one in each tape core matrix) to be switched back to 

the original state, thus generating the write-current 
pulses required by the associated array drive lines. 


Approximately 2,4 usec efter the start memory pulse the 
selected left word inhibit gate generator is set by a 

MPD II pulse which senses the six gate tubes controlled 

by the MAR bit R14 and R15 flip-flops. About 0.2 usec 
later the selected right word inhibit gate generator 

is set in exactly the same manner. The selected inhibit- 
gate pulses (negative pulses from 0 side output) sense 

the 33 digit plane drivers of the associated inhibit region; 
only those DPD's that are conditioned (at a -30-volt level) 
by the 1 side of the associated MBR flip-flop will pass the 
inhibit gate to activate the associated DPD, which in turn 
generates an inhibit-current pulse. 


The left and right word inhibit gate generators are 
cleared at approximately 4.4 usec and 4.5 usec, respec- 
tively, after the start-memory pulse. Since the inhibit- 
current pulse of each plane mat overlap the write- 
current pulse, staggered setting and clearing of the left 
and right word inhibit gates is required because of the 
delay characteristics of the X and Y drive lines. 


During a memory cycle in which core memory 1 is selected, 
the MAR and IA deselect flip-flop are cleared by a MPD 

II pulse which is developed approximately 3.1] usec after 
the start-memory pulse was generated. Since the read 

gate generators are cleared prior to this time, the 
clearing of these controls does not affect the operation 

of the selected tape core in each of the tape core matrices. 
That is, the write portion of the memory cycle is not 
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affected by this clearing action. The MAR is cleared 

at this time in order to provide more time for the 
Selection of the next memory address during the next 
memory cycle. If core memory 1] is not selected during 
amemory cycle , then the MAR and JA deselect flip-flop 
are cleared by a delayed TP 0 pulse. A raw RP 0 pulse 
is applied to MPD IV during every memory cycle. This 
pulse is delayed 1.5 usec and applied to the MPD IV 

gate. which is controlled by the Yu read gate generator. 
Since this gate generator is set only by a delayed- 
start-memory pulse, the gate tube (MPD IV) is conditioned 
only when core memory 1 is not selected. If this latter 
condition exists, a core-memory-not-selected pulse is 
routed through MPD IT to clear the MAR and IA deselect 
flip-flop approximately 1.5 usec after TP 0. The clear 
inhibit pulses which are generated by MPD III do not 
perform any useful function since none of tre inhibit 

gate generators were set. 


E. Suramary Cuestiozus: 


l. 


Answer the following questions TRUE or FALSE: 
a. The DMD will be cleared at TP-11 time. 


b. The four RGG's will be set at the same time. 


.C. The MAR ia loaded at TP-0 delayed time. 


d. There are 8 sample times approximately .04 uséc apart. 
What is the output current of a selected tape core? 


The lagging edge of the read pulse is mainly controlled by 
the turn off time of which current ina fully selected tape core. 


One CR supplies current to how many SWD's? 


A core is located in Sub-Plane 15, the ''X'' address is 41g. 


The 'Y" address is 16g. Determine the octal word designation 


for thease. locations. 


a. 0.35605 
b. 1.63411 
c. 0.16345 
d. 1.33411 
e. 0.35601 
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. The total number of CCD's used with 256¢ memory is: 


64 
256 
32 
512 
e. 1024 


So ee 


When one X CCD is selected, how many X CCD's are 
half selected? 


32 
31 
15 
30 
e. 16 


ao oO ® 


The write current is produced by turning off the V & U current, 
True False 


The length of the read or write pulse is determined by the 
switching time of the tape cores. True False 


Two SWD's must be fully conditioned to apply read current to 
one "X'' line. True False 


There are 510 half-selected cores for each fully-selected core 
in the 256% Memory. True False ; 


12. An open '"V"' winding will effect 4096 addressed in the 2562 


array. True False 
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XVTIT, Units 65, 66 and 67 Familiarization 


Ae 


B. 


Unit 66 Contents 


a 
2. 
3. 
h. 


‘Se 


6. 


CCD's (Two assemblies each pane} ) Refer to Pages 1860 
and 1870 
33 - 2562 planes 


X & Y terminating resistors 
DPD terminating resistors 


Various connectors for lines in and out of array. 
Resistor and coil assemblies. 


Unit 66 Designations 


le 
20 


30 


4, 


5. 
6. 


Panel A-D Refer to Pages 1820, 
1830, 1840 and 1850 
Row A - PP 


Suitcase (Left to right any panel) 148 5 


Pin on Suitcase, A - 8, T is common. (Measure current 
A-S common is T.) 


Note: Ocquad address 
Left to right - Panels A & D 
Right to left - Panels B & C 


Note: Use A address and locate X & Y termination terminals. 


Example: 0.12345 = X 711, Y 050. 
X 66 DPPHN, Y 66 APPIC 


Tape Core Assemblies, Row B, 4 & 5 all ‘panels. 
DPD Termination Resistor Units 


ae "B" and "D" panels 
De "A" Row 
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c. 1 - 4 Assemblies pT 54 
d. Pins A - T 


Note: Assemblies designated left to right, both panels. 
Inhibit region reverses on Panel "B", 


7. Study other assembly and connector designations on the panels. 


8. 240 ohm resistor and CB shown in "Phantom" logic on 
bottom of Panel C, (X & Y Drive lines floating. ) 

9. The 2567 plane's sections are designated 1-4 left to 
right facing the panel, 


Example: 66AD1 Region 00 
66AD2 Region 01 
66AD3 Region 10 
66AD4 Region 11 


66CD1 Region 11 
66CD2 Region 10 
66CD3 Region 01 
66CD4 Region 00 


C. Unit 65 and 67 Contents 


1. 5 modules each. 


2. Extra tall modules (Row C - CC) Re fer to pages 
1890 & 1900 
3. Frame 65 is associated with the X circuitry in 
general, the Memory clocks the left word DPD's and 
Sense Amps, and Bias Fixing net works.. 


4. Frame 67 is associated in general with Y circuitry, 
Memory Clock #4, Right Word DPD's and Right Word S.A,'s. 


5. Physical Location to Unit 66 


Note: The SA's in both Units are the circuits next to the array. 


6. Z Module 
-450v supply and scope calibrator power source. Refer to page 
1910 
a. -450v for CR's 


D. Summary Questions 


1. On which physical drive line and which sub-plane does the 
following address’ enter the array. 
a. 0.54631 
b. 1.77326 
c. 1.66532 
d. 0.4532] 
e. 1.00537 
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Locate the terminating resistors of the "X" and "Y" drive 18 59 
lines for the following addresses: 
Be 0.62345 
be 1.36215 
Ce 0.24261 
@ 0.75316 
ee. 0.71575 
f. 0.47343 
Ge 1.01007 

e 2.32120 
4, 1.47176 
Je 0.63453 
Locate the CCD P. U. for the following failing nyn addresses: 
Ge 1.25733 
de 1.57652 
Co 0.76575 
ad. 1.61570 
Co 1.25003 
Complete the following questions: 

Unit 66 
a. Panel "A" contains the "Y" even and, the 
ss dag terminating resistors. 


b. DPD terminating resistors are located on Panels 
and e 


c. The "Pulse Shaping Networks" are located on Panel 
and are Units ° 


a.  CCD's resistors for Y(v) selections are located on Panel 
in Units L.© e 


e. To locate a defective DPD P. U. we utilize the 
of the address. 


For the following addresses and bits designated locate 
the DPDconnection necessary in order to observe the Inhibit 
Current ; 


a. 0.47630 - P 

be I1.77TT7 - RS 
Co 1.23456 - 115 
d. 0.00005 - L4 
Ce 0613570 - R8 


Te 
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Bit R9 is lost on every address. Which of the 
following could cause this: : 


ae 66AGG3 pin 65 opan oo 
b. 66DGG3 pin 65 open (0.2.1.7 

c.  65ER3a not connected (0.2.1.6 
d. 67AS3a not comected (0.2.1.6 


'e@.  65ERE8 open 0.2.1.6 


With C shim between 66AE1-0 and 66AF1-0 missing, how 
many addresses would fail? Which addresses (0.2.1.7) 


SWD 4-67 BC (0.2.1.5 Sheet #2, 24A) fails to conduct 
which of the following addresses should fail? 


@e 0.50164 & 0.50166 
be 0,70164& 0.50166 
Co 0.76435 & 0.54215 
de 1.00001 & 0.00001 
e. None of the above. 


What is the input terminal on the plane for R9 Inhibit 


of address 0.25252 (Logic 0.2.1.6) 


a e 66BP2-64 
bd e 66BN2- 65 
Ce 66DFF3- 6) 
d.  66DGG3-65 


Ceo 66DHH3-64 
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XIX. 256° Special Circuits 


A. INTRODUCTION | 
The special circuits required for operation of the 2562 memory will 


be presented in the following order: 
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B. Diode Matrix Decoder 


1. The four DMD circuits are physically alike, and the only 
functional difference between them is the source of input 

signals and the destination of the output signals. The input 
Signals are representative of information contained in the 

MAR. Since the circuit groups are alike, the following discussion 
\will be based on only one of these; namely, the Xu selection 
circuit group. 







2. The clear-memory-controls pulse (delayed TP 0 or start- Refer to pg. 
memory pulse) resets the MAR flip-flops and the input 2000 
amplifier (IA) deselect flip-flop. At TP 0, the IA de- 
select flip-flop is set and the desired address is trans- 
ferred to the MAR. The bit. R12, R13, R14 and R15 flip- 
. flop content is decoded by a 16-way-A'ND diode matrix 
decoder (DMD) to condition one of the 16 input amplifiers. 
The 4=digit binary numbers associated with each of the 
matrix outputs can be selected (-30-volt level) at any one 
time; the remaining 15 outputs are at a /10-volt level. The 
outputs of the DMD are applied to the input amplifiers which 
invert, amplify and change the level of the input signal. 
The nonselected input amplifier outputs are at a -240-volt 
level (410-volt input), and tne selected input amplifiez is 
at -150-volt level (-30-volt input}. 


@): should c2 noted that the ~-AND ciicuit »vyhose output is desig- 

nated by 1111 has an additional input from the IA deselect flip- 
flop. This additional input is required because the input ampli- 
fiers have capacitive coupling between stages and clamping 
circuits to hold their outputs at the nonselect level of -240 volts. 
When an input amplifier is selected, it can maintain its selected 
output level of -150 volts for only a short time, determined by 
the time constant of the capacitive coupling network. The output 


level will fall to the scion sale even though the input signal 
remains constant ata -30-volt level. 


4. This means that when the same input amplifier is to be used 
during a number of consecutive cycles, it must be deselected 
and then selected again for each memory cycle. Deselection of 
15 of the 16 input amplifiers is performed automatically when 
the MAR is cleared and then set to the new address. The 16th 
input amplifier is driven by the -AND circuit whose inputs are 
from the 0 sides of the bit R12, R13, R14 and R15 memory address 
register flip-flops. When each of these four flip-flops contains 1, 
designating the clear condition, four -30-volt conditioning levels 
are applied to the -AND circuit. If a number of consecutive 
memory cycles are executed in which address fits R12, R13, 
R14 and R15 remain cleared /co-:tain 1's), the MAR flip-flop 
input levels to the -AND cixcwit will reme:. constant. To 
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provide the IA deselection in this case, the -AND circuit: 
has five inputs instead of four. The fifth input comes 
from the 0 side of the IA deselect flip-flop. The IA deselect 
flip-flop is set at TP 0 and applies a -30-volt level to 

the -AND circuit, enabling it to act as any other -AND 
cizcuit in the matrix. When the memory address register 
14 Cleared, tae JA deselect flip-flop is also cleared. Its 
output to the -AND circuit becomes /10V, effectively 
deselecting the -AND circuit and the input amplifier it 
drives. Thus, in all cases a -30-volt gate is actually 
applied to the selected input amplifier, thereby insuring 
proper action. 


5. The output of each input. amplifier is applied to an 
associated SWD.. A switch driver is a gating circuit 
which, when conditioned by a -150-volt level, will pass a 
current pulse generated by a current regulator (CR) 
to drive the selected U line of the X tape core. The 
current regulator is a power amplifier which is acti- 
vated by a negative read gate signal to generate a 
current pulse in one of the 16 associated SWD's. Only 
one SWD can have an output at any one time. The active 
SWD is the one receiving both a -150-volt conditioning 
level from an input amplifier and a current pulse from 
a current regulator. 


C. Input Amplifier, Model B 
; ) 
oO 
1. Function oe 4 or. IFS 


a. The Model B input amplifier (bIA), employed in the 
256“memory, functions as an inverter, amplifier, and 
level setter. The inputs to the bIA are standard levels 

_of #10 and -30V obtained from’a diode matrix in the 
memory address register; the outputs are non-standard 
levels of -240 and -150V, respectively. These outputs 
are fed to associated switch drivers as conditioning 
levels. (A - 240V level will cut off the switch driver; 

a -150V level enables the switch driver to conduct. ) 
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2. Principles. of Operation 


a. The bIA consists of three stages; an input cathode Refer to page 
follower (VI), an amplifier (V2), and an output cathode 2030 
follower (V3). The input cathode follower is employed 
as a buffer between the high output impedance of the 
associated input diode matrix and the low input impe- 
dance -of the amplifier. 


.b. The inputs supplied by the diode matrix are either 
#10 or -30 levels. Assume that the prevailing input 
level to the bIA is #10V; the voltage appearing at the 
grid of the input cathode follower is clamped at #5V 
by diode CR]. This clamping potential is obtained 
from the voltage divider consisting of resistors R2 
and R3, The resulting potential at the cathode of 
Vl is 45V. The exponential rise noted in waveform 
C is due to the charge curve of capacitor C2. The 
grid voltage of V2 is established at -148V by the voltage 
divider consisting of resistors R5, R6 and R7 returned 
to the cathode of V3 whose potential is at -240V. 
Diodes CR2 and CR3 are cut off during this period 
of operation. The positive spike noted in waveform 
D at the transition time between the two states of 
operation for the bIA is due to capacitor C2 charging 
to the established d-c levels. Since the cathode of 
V2is returned to -150V, the grid of V2 is slightly 
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+\OOV MARGIN 
INPUT AMPLIFIER, MODEL B, FUNCTION OF DETAIL PARTS 
REFERENCE REFERENCE 
SYMBOL FUNCTION SYMBOL FUNCTION 
Cl By pass capacitor R2, R3 Voltage divider 
C2, C3 Coupling capacitors _ #4 Cathode load resistor for V1 
4 
C4 Bypass capacitor R5, R6 Part of voltage divider (with R7) 
returned to cathode of V3 and 
CR1 wahoo diode, clamps V1 grid at equalizing resistors for CR2 and 
+5 | CR3, respectively 
CR2,CR3 = Crystal diodes, clamp V2 grid at R7 Pare of voltage divider (with R5 and 
upper output level RG) and grid-limiting resistor for : 
CR4 Crystal diode, grid current bypass V2 7 
for V2 R8 Plate load resistor for V2 
CRS5, CR6 Crystal diodes, clamp V3 grid at R9, R10 Voltage equalizing resistors for CRS . an 
—273V and CR6, respectively 
Ll Peaking coil R11, R12 Voltage divider 


Rl Grid-limiting resistor R13 Cathode load resistor for V3 
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positive with respect to its cathode, causing grid 1940 
current to flow. In order to avoid exceeding the 

grid dissipation limit of V2, specifically during 

the initial period of the C2 charge curve, diode CR4 

is placed between the grid and cathode of V2 to absorb 
a portion of the grid current flow. As a result of the 
bias level established for V2, its plate voltage at 

this time is -40V. The voltage divider, comprised of 
resistors Rll and R12, sets the grid voltage of V3 

at -273V. This voltage is held at this level by 
clamping diodes CR5and CR6. With the grid voltage 
at -273V, the resultant cathode potential is -240V. 
Thus, with a /10V input level to the bIA, a nonstandard 
level of -240V is established at the output. 


c. When the input level shifts to -30V, the cathode 
potential of V1 decreases toward -5V. The exponential 
decrease of this voltage, illustrated in waveform C, 
is due to the discharge of capacitor C2. The voltage 
change at the cathode of V1 is coupled through C2 to 
the grid of V2. The resultant drop in the grid potential 

_of V2 causes the plate voltage of V2 to rise from -40V to 
#65V. This change of 105V is coupled to the grid of V3 
through capacitor C3, causing its grid- potential to 
increase to -170V (diodes CR5 and CR6 are cut off at 
this time). As a result of this increase, the output 
cathode potential of V3 rises to -150V. Thus, witha 
-30V input level, a nonstandard level of -150V is 
developed by the bIA and applied to the associated switch 
drivers. This output level is also fed back to the grid 
of V2 through CRZ and CR3 to stabilize this upper output 
level. Diodes CR2 and CR3 remain cut off until the 
output voltage becomes more positive than the voltage 
appearing at the grid of V2. When the diodes conduct, 
the output voltage controls the grid voltage of V2. An 
increase in the output causes the grid of VZ to become 
more positive, decreasing the plate voltage of V2. This 
change is coupled to V3 with a resultant decrease in the 
grid voltage of V3 and consequently a decrease in the 
output level. The converse occurs for a decrease in the 
output voltage. It is in this manner that this degenerative 
feedback loop stabilizes the upper output level. Diodes 
CR2 and CR3 are cut off when the lower output level is 
developed. The negative voltage spike at the grid of V2 
(See waveform D) is due to the delay in the feedback 
signal before CRZ and CR3 are made to conduct. 


3. Input Amplifier Outputs 


a. The I. A. (input Amplifier) output is -240v to -150v. 
These levels are maintained primarily by diodes ina 
feedback and clamping circuit. When these diodes go 
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bad one of the levels changes. If the -150V level 
goes to approximately -50 the result is excessive 
drive current on the lines selected by the I.A. if 
the ~240V level goes more positive it tends to allow 
the associated switch driver (SWD) to go into partial 
conduction. This means that the SWD mecers current 
from the selectad circult. 


The most efficient method of detecting bad I.A.'s 
is. thru scoping. 


be On a High PREF the deconditioning level on the output 
CF (5998 tube) goes to a more positive valve if the 
tube has the bad characteristic of excessive grid 
emission. 


The 5998 tube is checked for this condition by testing 
in the P. U. Lab. 


ce The I.A. margin finds defective I.A.'s. The best 
test is addressing with a #100 volt excursion. ‘The 
resultant printout will show one (if only one is bad) 
IA. failing very few times. This is the defective 
one. If more than one is bad the indications are 
not conclusive. 


Notte : Bad TA will have least mmber of errors. 


4, Maupin applied to IA (-300 MC-C 1234) has the following Refer to Page 2030 
effect on the output: . 


a. Negative margin makes rise time of output appear to 
come later (in time) to SWD. 


be. Positive margin makes rise time earlier and 90v aime 
is lessened (-215v to -150v). 


5. All IA outputs should be exactly the same, a 90v positive 
output referenced at -240v. ‘The -240v going more positive 
will partially condition a SWD which is not selected to steal 
the current from the selected SWD. The -150v level going 
moxve positive will cause high and early read currents. 


Switch Driver | 
le Function : 


a. ‘The switch driver (SWD) is a logic circuit which provides 
a nonstandard current pulse. ‘The logic block symbol for 
the aSWD is shown on page 2060. 


1960 
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be Mm Central Computer logic, the SWD is used to isolate 
the current regulator pulse source from the back 
voltage produced by the 16 x 16 tape core matrix of 
the expended memory. The SWD also affords a means of 
switching the current pulse to difference lines of the 
tape core matrix, thereby eliminating the need for 
geparate pulse inputs for each line. 


Detailed Operation 
a The circuit requires two coincident inputs to produce 


an output. The input amplifier supplies the SWD with 
nonstandard levels of -150V and -240v; the other input 

is a nonstandard current pulse from the current regulator. 
An output is produced only if a SWD is conditioned by 
the upper -150V level from its associated input amplifier 
and, at the same time, is supplied with a driving current 
from the current regulator. 


be Output usually considered in milliamps since the function 
“ is to furnish current. 


1) If driving U windings current required is about a 
980 ma. | 
2) . driving V windings current required is about 
70 mae 


ce Output of SWD supplies half-read current to 16 CCD's. 
1) ‘Thus selected SWD mst be turned on or conducting. 
2) Selected SWD has most positive signal on grid. 
3)  Deselected Swi must be turned OFF. 


Gd. Two model switch drivers are used in the computer. 
Only the model A is shown on page 2060. ‘The only 
difference is the model B contains only one tube. 
Two tubes are necessary to drive a V line and three 
are needed to drive a U line. Thus, one model A 
switch drive or two model B switch drivers in parallel 
can be used for V drive. One A switch driver in parallel 
with one B switch driver will be used for U drive. 


Circuit Refinements 
@. ‘The components to the right of the tape core drive Page 2060 
winding is not a part of the switch driver. These 


components are used to improve the leading edge of —™ 
the current waveform to the tape cores. 


September 1, 1960 


b. 


E. Current Regulator 


1. Function 


a. 
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The capacitors will hold the voltage at the termin- 9 %O 
ation end of the tape core drive winding at a high 
value until a short time after the Switch Driver 
has started to conduct. “his reduces the affect 

of the high initial impedance of the tape core 
drive winding. 





The Model B current regulator is a logic circuit 
which converts a voltage pulse to a current pulse. 


. The conditioning level is supplied by the Read 


Gate Generator FF. 


The output pulse of current will supply all 16 switch 
drivers for either U or V. Only one switch driver 
will conduct in either U or V, which will allow the 
total current from the current regulator to flow thru 
16 tape cores. 


. Circuit Requirements 


1) Rise time should be adjustable from approximately 
0.2 to 0.5 usec. 


2) Amplitude should be variable from 500 to more than 
1,000 ma. 


3) Fall time should be adjustable from 0.2 usec to 
approximately 1 usec. 


4) Time stability of the leading 90-percent point of the 
output current should be plus or minus 40 musec ‘at 
end of life. 


5} Amplitude stability of the output at end of life should 
be £ 2.5 percent, with a short time (1,500 hours) 
stability of £ 0.5 percent. 


6) The top of the output current pulse should be adjust- 
able from zero slope to a positive slope giving an 
increase, in the output current pulse, of approximately 
20 percent across the width of the pulse. Adjustment 
of the output pulse slope is necessary to compensate 
for the capacity losses resulting from driving the tape 
core matrix. Compensation for capacity losses is 
necessary to obtain the flat-topped pulse required to 
switch the ferrite core. The tape core 
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output time constant was sufficiently long so 
as not to cause any more than 2-percent droop 
of the output pulse. 


2. Basic Operation 


The model B current regulator consists of an amplifier Refer to Page 
(V1B, circuit diagram), a buffer cathode follower (V2B), 21.00 
a driver cathode follower (V2A, V3B and V3A), and an 

output stage of three twin triodes in parallel (vk, v5 

ant V6), which are one-half of a cascode amplifier with 

feedback to the input of the. input amplifier. The 

switch driver circuits are 5998 tubes in parallel which 

serve as the upper half of the cascode amplifier formed 

by the output stage of the current regulator and the 

switch driver. The current regulator, turned on by 

standard levéis (on by -30V and off by 10V), supplies 

@ negative, 4.0 usec, 420 to 1200 mi pulse through a 

switch driver to one side of the 16° tape core matrix. 

The switch driver is conditioned by a -150V (rising 

from -240y) d-c level received from the input amplifiers 


and applied to the grids of the switch drivers. 


3- Detailed Operation 


db. 


Negative signals cut off the amplifier VIB, causing a 
sharp rise in plate voltage. Since only 6V of the: negative 
Loy input transition is needed to cut the tube off, the 
input is too fast for the circuit to follow, if the fall 
of the input is equal to or less than 0.5 usec. 


The rise of the plate of V1B is coupled through C205 to the 
buffer cathode follower V2B. V2B provides buffering for | 
the drive necessary for the relatively low input impedance 
of the driver cathode follower, V2A, V3B and V3A. The posi- 
tive signal on the grid of V2B back-biases the d-c restoring 
diodes, CR205 and CR206. The rising signal on the grid of 
V2B causes the cathode voltage to rise which, in turn, 
raises the voltages on the grids of the driver cathode 
follower (V2A, V3B, V3A). ‘The cathode rise of the driver 
cathode follower is coupled to the grids of the final 

stage (V4, V5 and V6) by C506. The rise on the grids 

of the final stage back~biaseg the d-c restoring diodes 
CR507 and CR508, and, at the same time, raises the output 
cathode voltages. Part of this voltage rise is fed back 

to the grid of the input amplifier, V1B. The rising feed- 
back voltage back-biases CR103 and forward~-biases CRLO2, 

at which time the output feedback voltage takes over 
control of the amplifier grid. 








Resd Ssle —“Criev 
Genevsler = & 7 
65K CR5O7 
§ ze 1O.n 
Olt o CR508 
= L2K 3) 
q 
> s 
39K c x 
ce 310 ay 
DS Bene +® 
38K | ane | ad R507 IQ, DelaTs 
* “Rue é 
=TK | oon 1K s sd ae eee | a : Cl 
LK CREE . ERIK SS Hoel < ae —950V — V .~300 y 
| 43K Cotev Ree or a 
-300y -22 mf ~1SOV NOTES: * 335 ehm 2 watt resistors 
A. Appine Capacitance DECREASES TILT 


B. Rise Time Pappine 
C. Fart Time CONTROL 


Current Regulator, Model 8, Schematic Diagram 


900,C 


Core Storage Element 2010 


c. Trimmer capacitor T1111 provides a portion of the 
feedback voltage to the grid of V1B prior to CR102 
becoming forward-biased. This initial feedback has 
a tendency to increase the current through V1B (or, 
more accurately, to decrease the rate at which the 
current is falling), thereby slowing the rise time 
of V1B. The plate of V1B, in the absence of feedback, 
rises sufficiently fast to produce an output rise time 
of approximately 0.1 usec. The feedback not only slows 
the rise time, but also makes the rise time of the 
circuit independent of the loac. resistance and plate 
voltage of V1B. Terminals are provided across the 
trimmer capacitor T1111 (refer to note B in the 
circuit schematic) to allow capacitance external to 
the circuit to be added in order to change the range 
of the rise time control. 


d. The signal required at the amplifier grid for normal 
circuit operation is -2V. Prior to the arrival of the © 
feedback signal through C103, diode CR103 is forward 
biased by the current drawn by R103. The plate 
voltage of CR103 is normally fixed by the divider 
across the Zener diodes CR1010 to CR1014 at between 
-160V and -180V. Since the voltage drop across 
CR 103 is small, the voltage at the grid side of C103 
is approximately equal to the voltage out of the 
divider across the Zener diodes. 


e. If the grid side of C103 is at a potential of -170V, 
this point is 20V negative with respect to the cathode 
of V1B. An 18V positive signal fed back through C103 
would raise the grid of V1B to a potential of 2V 
negative with respect to its cathede. This 18V signal 
then would determine the output current, which would 
be 18V divided by the cathode resistance of the final stage. 


f. The time constant resulting from C103 charging through 
R103 and the forward impedances of CR102 and R104 have 
been selected so that C103 will, during the width of a 
pulse, lose sufficient charge to increase the grid-cathode 
potential of VIB. The discharge of C103 decreases the 
voltage applied at the junction of CR102 and CR103. This 
voltage fall lowers the amplifier grid voltage, causing 
the plate voltage to rise. The voltage rise is coupled 
to the output, giving the output a positive slope across 
the top of the pulse. Terminals are provided across 
C103 (see note B) in order that external capacity can be 
addeu to increase the time constant. 


— 
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If the time constant produced by C103 and R103 is 

made sufficiently long, the voltage at the grid of 

V1B remaing constant during the width of the pulse. 
Consequently, the plate voltage of V1B remains 

constant and the output is a flat-topped waveform. 
Potentiometers R1147 and R1176 permit coarse and fine 
adjustment of the voltage fed back through C103. 

As the input signal rises toward /10V, CR1Ol is forward- 
biased at a time when the input signal becomes more 
positive than the cathode voltage of CRLOl. At this 
time the cathode of CRLOl begins to rise, causing the 
grid of VIB to rise. The grid rises about 2V to a 
point where the grid-cathode potential is equal to zero. 
At this point, the grid ceases to rise; however, the 
cathode of CR10O1 continues to rise, changing Cl02. ‘The 
changing path for Cl02 is through the plate of the 
cathode follower driving the circuit (read gate generator), 
CR1LO1L, the grid-cathode diode of V1B, and the parallel 
diode CRLO to -150V. After CRLO] has been forward- 
biased, approximately 3V of the input signal are 
required to turn the circuit off. Therefore, the turn- 
off of the circuit is independent of the positive 
transition of the input signal. As VIB draws grid 
current, the plate voltage is decreased by the current 
through V1B. This falling voltage cuts off V2B. The 
fall time will be determined by the cathode resistance 
of — the capacitance seen by the cathode (refer to 
note C). 


The output can be adjusted also by changing the cathode 
resistor of the output state (Bl - B2). Since the output 
current is the feedback voltage divided by the cathode 
resistance, the range of the output current will be 
increased by shorting resistors R730 and R836. ‘The 
stability of the circuit is a function of the feedback 
voltage and is directly proportional to the amplitude of 
the feedback voltage. Therefore, in order to obtain the 
same stability with a small output current as would be 
achieved with a large output current, the cathode resistance 
must be increased. 


The fall time of the circuit is adjustable by adding 
external capacitance to ground from the cathode of the 
buffer cathode follower (see note C). Increasing the 
capacitance to ground from this point will increase the 
fall time of the cathode of V2B, thereby increasing the 
fall time of the grids of the final stage and the fall 
time of the output. Since the input capacity of V2B is 
quite small, the grid will fall faster than the cathode, 
cutting off V2B. The fall time will be determined by 
the cathode resistance of V2B and the capacitance that 
may be added externally to adjust the fall time. 
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The circuit is shut off as the input signal goes from 
-30V to /10V. With C205 charging through the plate 
load of V1B during the time of a pulse, the d-c voltage 
must be restored by diodes CR205 and CR206 when the 
circuft is turned off. The d-c voltage across C506 

is restored by diodes CR507 and CR508. © 


When the input is a /10V, the grid of V1B is held 
slightly positive with respect to the cathode by 
current flowing from ground through R104 and through 
the grid cathode of VIB and CR1O# to -150V. CRLOL 

was added to decrease the charging current of C102 
through the grid circuit of V1B in order to keep grid 
dissipation within acceptable limits. With the grid 
at approximately -150V, CR1O2 is back-biased since 
CR1O3 is forward-biased by R103 and the voltage at the 
center-tap of R1147. ‘The grid of the buffer cathode 
follower (V2B) is biased at -30V; therefore, the cathode 
is slightly more positive and the cathodes of the 
driver cathode follower (V2A, V3B, a are still more 
positive. The final stage (V4, V5, V6) is biased at 
cutoff (approximately 80V) by Zener diode CR509, and 
no current flows from the output. 


Waveforms for the model B current regulator and switch 
driver are shown on the circuit diagram, Page 2100 .- 
The input is fed through CR1Ol to make the circuit in-~- 
dependent of the driving stage. If CR1Ol were not used 
C102 would discharge through the cathode resistor of the 
cathode follower driving the current regulator circuit 
during the pulse time. If this occurred, the rise time 
would be a function of the driving circuit used and, 
therefore, would be impossible to predict. With the 
configuration used, the driving circuit merely triggers 
the input, after which CR101 is back-biased and the dis- 
charge path is through R1O]. ‘The discharge is constant, 
regardless of the driving source. 


A Zener diode network ie utilized for the feedback reference 
supply (voltage between cathode of V1B and moving contact 
of R1147) in order to meet the design stability speci- 
fications. The diode network is referenced at ~-150V to 
provide a plate supply sufficiently large to prevent 

supply variations from affecting the rise time and amplitude 
from V1B. 


The plate of the amplifier is a-c coupled to the grid of the 
buffer cathode follower to make the plate-cathode potential of 
V2B independent of the quality at V1B. D-c coupling between 
V1B and V2B would have two primary disadvantages: 


1) A possible loss in signal and consequent reduction in 
loop gain and stability. 


Oo 


peo 


Core Storage Element 


2) A change in the plate-cathode potential of V2B 
as the characteristics of V1B changed with life. 
When V2B is pulsed, grid current will be drawn if 
the plate cathode potential has previously been 
decreased. 


In addition, a-c coupling is required between the driver 
cathode follower and the final stage in order to avoid 
signal loss, to make the cutoff voltage independent of the 
tubes and to protect the circuitry from failures which 
would allow the circuit to be turned on for long periods 
of time. 


The bias voltage of the final stage is critical because 

it will affect the size of the sigmal necessary to 

produce a given current. Furthermore, the bias voltage 
will affect the time of the 10 and 90 percent points of 
the output rise if the signal has to change to compensate 
for a change in the biased voltage. These considerations 
prove the necessity of having the bias voltage independent 


‘of power supplies or resistors. The bias voltage of the 


output stage is stabilized with a Zener diode, CR509, 


making the amplitude,rise time and the leading 90-percent 


point of the output independent of the power supplies. 


4, Marginal Checking 


Ge 


Ce 


The model B current regulator is marginal checked by 
varying the 4250V plate supply of VIB. The £250 MCV 
safe limits are l100V. The circuit is considered to 
have failed when the output leading 90-percent point 
varies in time by + 40 msec or more, or in amplitude 
by 2.5 percent or more. A positive excursion causes . 
the output to move earlier in time and to increase in 
amplitude. The positive excursion necessary to cause 
a circuit with nominal components to fail is 250V. 

A negative excursion will cause the output to move 
later in time and decrease in amplitude. A negative 
7T5V margin will cause the output of a nominal circuit 
to move later in time by 40 msec and to decrease in 
amplitude by 2 percent. 


The negative excursion on the #250 MCV line will decrease 


when any component or voltage changes, as is shown by 
the marginal check curves included in the appendix 
(figs. C-1 to C-39). For example, the /250V margins 
will be decreased if the filament supply is low, even 
though all of the other parameters are nominal. 


If CR1O4 opens, the marginal checking system will not 
detect the malfunction. With CR1O4 open, the grid 
dissipation of V1B will exceed the maximum rating and 
the life of the tube will be shortened. Therefore, if 
V1B needs to be replaced frequently, CR1O4 is probably 
open. 


240 
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d. The general reliability of the 256% memory is:a 
function of the permissible variation of the drive 
currzats. Because of this fact, a marginal check 
volta::2 was added to the model 3 current regulator 
to allow output current variation, thereby facilitating 
memory tune-up and system evaluation. The -150V 
marginal checx supply is introduced in the cathode 
return of VIB, thereby affecting the feedback 
reference voltage and the output current of the 
circuit; With no excursion applied, resistor-> R1046, 
R528 and 2529 are in parallel and appear as an 
equivalent networ of 400 ohms to the -150 supply. 
Therefore, the circuit is not affected by variations 
of the -150V or the -I50MCV supplies 2s long as no 
excursions are applied. 


. The equivalent resistance of R1046, R528 and R529 i: 
critical. The equivalent resistance has been chosen 
so as to eliminate changes in the output amplitude 
when the pulse repetition frequency is changed. 


o 


f. A positive excursion increases the output current. The 
change in the output current is approximately 15 percent 
for 100V excursions. The percentage change is independent 
of the output current. 


g- The switch drivers are marginal checked by varying the 
#250V nlate return. The safe limits are /OV and -50V. 
A negitive excursion will decrease the switch drive 
‘late-cathode voltage, causing grid current to flow. Since 
the total cathode current from the switch driver is regu- 
lated by the current regulator, grid current will cause a 
reduction in plate current. The reduction in plate current 
will cause a reduction in the memory drive current resulting 
in improper retention of information by the memory. 


5. Circuit Characteristics 


a. Input Signal 


Upper level #10 t3 V 
Lower level -30 #5 y 
Rise time 0.5 usec, maximum 
Fall time 0.5 usec, maximum 
? Polarity Negative 
Pulse width 4.0 usec maximum (at 90-percent point) 


PRF 169 kc, maximum 
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b. - Load Presented to Driver 
I (OR) 3.4 ma (maximum, when circuit is not selected) 


I (AND) 0.15 ma (maximm, when circuit is sélected . 
at 50-percent duty cycle and maximm PRF) 


Capacity 120 uuf 
ce Output Characteristics: 


Amplitude 600 to 1,200 ma, with external jumper 
across cathode resistors of V2B 


Rise time 0.27 to 0.5 usec, with no external capacity 
added... | 


Rise time lag 0.1 usec at the 10-percent point of the 
current pulse with respect to the 10-percent 
point of the input voltage 


Fall time Adjustable by the addition of external capacity 
Pulse top slope External capacity Pulse slope 
0 #160 ma/usec 
0.001 uf 60 ma/usec 
0.0025 uf 20 ma/usec 
0.004 uf O ma/usec 
0.01 uf ~12 ma/usec 
PRE 169 kc, maximm 


Pulse width Approximately the same as the input (4.0 usec 
maximm at 90-percent points) 


Output load As many as 16 logical switch drivers, each 
as many as 3 model B switch drivers, or a 
model B and a model A switch driver in parallel, 


APE E A GOke 


Be Selects the correct X or mal 
core array. 





Function 


be Supplies 400 ma of read and write current to the 
ferrite cores, 


Basic Operation 

& Page 2170 shows the electrical characteristics of the 
tape core used in the tape core matrices. The U, V, 
and bias windings produce approximately equal applied 
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fields; however, the windings are connected in such 
a manner that the bias field opposes the U and V 
fields. Under nonselected conditions, the U and V 
Windings are not energized and the bias field will 
cause the core to settle at point A of the hysteresis 
loop. If a tape core is half selected, that is, if 
either the U or V windings ie energized singly, the 
resultant field will cancel the bias field and the 
core will settle at point B. Since only a relatively 
small change in flux is produced, the output winding 
Signal will be an early peaking positive pulse of 
approximately 40 ma at its peak. For half selected 
tape cores, a similar negative output signal is 
obtained when the U or V current pulse is terminated. 
If a tape core is fully selected, that is, if both 
the U and V windings are energized simultaneously, 
the resultant field will cause the core to switch 

to point C, producing a relatively large change in 
flux to yield approximately a 400-ma signal on the 
output winding. This signal is the read-current pulse 
used to half read select a ferrite core. When the U 
end V current pulses are terminated the bias field 
will cause the tape core to switch back to point A, 
again producing a relatively large change in flux to 
yield approximately a 400-ma signal on the output 
winding. This latter signal is the write-current 
pulse used to half write select a ferrite core. 


Page Fee Shaws the arrangement and connection of 

the tape cores to form a portion of the tape core 
matrix. As previously stated, only one U and V line 
can be energized at any one time; therefore, only the 
core at the intersection of the selected U and V 
line can be switched to produce read-write currents. 
Each tape core output winding is connected to one X 
or one Y¥ winding; thus, only the selected array drive 
line will receive the required half-amplitude current 
required by the ferrite cores. The half-selected 
tape cores produce small noise pulses. 


Since all four of the selection circuits groups are 
actuated by read gates at approximately the same time, 
current pulses will be applied to the selected U and V 
lines of each tape core matrix. At the point of coinci- 
dence, a tape core is selected in each matrix which, in 
turn, supplies the required coincident read-write current 
pulses to its associated X or U array drive line. Page 
2200 , which constitutes the tape core matrix selection 
gridwork, identifies the array drive line (in physical and 
ocquad notation) associated with the output winding of 
each tape core. Since the ocquad address: retation- pro- 


vides symmetry in sm-sifying the selostsd X and Y drive 


lines, tnis table represuuts-ith:the X and Y tape core > 
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X AND Y TAPE CORE MATRIX OUTPUT. 
V (Octal) 


00 01 02 03 Ot O05 06 07 10 11 12 13 14 15 16 17 








00 000 040 100 140 200 240 300 340 400 440 500° 540 600 640 700 740 


a ESE TA SEAS TR A CE RE RES SN tp Se EG ACERS dR EIRENE SSIESPSONAEESES WS ARIE» ES we 


64 68 72 76 80 84 88 92 96 100 104 108 112 116 120. 124 
Ol O01 041 101 141 201 241 301 341 401 441 501 541 GOl 641 701 74) 


SS enn cea A ST SER a AR nf eA SST, RAS Ae A ELT STL * 


128 132 136 140 144 148 152 156 160 164 168 172 176 180 184 188 
02 002 042 102 142 202 242 302 342 402 442 502 542 602 642 702 742 





192 196 200 204 208 212 216 220 224 224 232 236 240 244 248 252 
03 003 043 103 143 203 243 303 343 403 443 503 543 603 643 703 743 
1 5 9 13 #17. 21 25 29 33 37 #+%41 45 49 53 £4457 G1 
04 010 050 110 150 210 250 310 350 410 450 510 550 610 650 710 750 





65 69 73 ##77 #281 85 89 93 97 101 105 #109 #113 #117 «+121 ~=«125 
05 001 O51 4111 4151 211 251 #311 351 411 451 511 $51 611 651 711 = -751 





U (Octal) 129 133 137 141 145 149 153 157 161 165 169 173° 177 181 185 189 
06 O12 O52 112 152 212 252 312 352 412 452 $12 552 612 652 712 752 





193 197 201 205 209 213 217 221 225 229 233 237 241 245 249 253 
07 013 053 113 153 213 253 313 353 413 453 513 553 613 653 713 753 
2 6 10 14 18 22 26 30 34 #38 42 46 SO 54 58 62 
10 020 060 120 160 220 260 320 360 420 460 520 560 620 660 720 760 
66 70 74 78 -82 86 90 94 98 102 106 110 114 118 122 126 
11 021 061 121 161 221 261 321 361 421 461 521 561 621 661 721 761 





130 134 138 142 146 150 154 158 162 166 170 174 178 182 186 190 
12 022 062 122 162 222 262 322 362 422 462 522 562 -622 662 722 762 





194 198 202 206 210 214 218 222 226 230 234 238 242 246 250 254 
13 023 063 123 163 223 263 323 363 423 463 523. 563 623 663 723 763 © 





3 7 I 15 19 23 27 31 35 39 43 «470« «5100 55) (59) C3 
14 030 070 130 170 230 270 330 370 430 470 530 570 630 670 730 770 


67 71 75 79 483 #487 91 9§ 99 103 107) WAb 115) 119) 123. «127 
15 O31 O71 #131 #171) « 231)0=« 272) «©331)0«6378) «©4310 «47200 «5380 6578) 6 G31) G71 73 71 


131 135° 139 «143° 147) «151155, 159 163167) ITE 175179183 187191 
16 032 072 132 172° 232 272 332 «372 «432 «4472 «532 «572 «632 «672-732-772 


ee ere a re RT oO a 


195 199 203 207 211 215) 219 225 227 231 235 239 243 247 251 255 


ES AEE! EEG SERIND ORD 6 Ho Ow 








17 033 073 133 173° 233 273 333 373 433° «473° $33. «573 633) -G73-733--773 
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matrices. As noted in the table, the 2-digit octal 
numbers in the leftmost colum specify the U input lines, 
and the 2-digit octal numbers in the topmost row specify 
the V input lines. During memory operation, the tape 
core at the intersection of the selected U and V lines 
will generate the required read-write current pulses. 
The individual tape core output windings are connected 
to the array X or Y drive lines as shown by the identi- 
fication numbers contained in each box. The upper 
number in each box specifies the physical X or Y drive 
line, and the lower number, which is obtained by regrouping 
the combined binary equivalent of the selected U and V 
lines, designates the ocquad coding of that line. 


Detailed Operation 


@. <All tape cores have + amps (nominal) bias current 
applied at all times. This gives a net force of 
12 N I (Ampere Turns) which places the core at A 
on the hysteresis loop. 


be. Switching a Tape Core 


1) First apply 6@ ma. (nominal) drive current on 16 
turn V winding. This gives 12 N I which oppose the 
Bias bringing the core to point B on the hysteresis loop. 


2) Second apply 980 ma (nominal) drive current on 12 turn 
U winding. This gives 12 N I which will switch the 
tape core inducing read current in the output winding. 
With V and U both supplying current, tape core will 
be at point C on the hysteresis loop. 


3) Write current is supplied by: 


a) First removing V current allowing tape core 
to go to point D on hysteresis loop. 


b) Second removing U current allowing bias current 
to switch the tape core back to point A. This 
induces a current of equal magnitude but of 
opposite polarity to Read current. 


Y/0 (1A 


ce Tape Core Half-Selections 


1) Consider the case where X ul and X vl are supplied Refer to Page 
current. 2170 


a) Tape core 1 is fully switched inducing read 
current in X line 1. 


b) Tape cores 2 and 3 are half switahad inducing 
half selections in X lines 2 & 3. 


c) Tape core 4 remains unchanged. 
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2. Consider what is happening in the array. 


a. Assume full read current is supplied to 
X line 1 and Y line Z. 


(1) Ferrite core #8 will be switched to a "'0"', 


(2) Ferrite cores #4, 12, 16, 5, 6, 7, will 
be half switched. 


b. Half selects will be felt on the following 
ferrite cores. 


(1) V half selects 
(a) X line 3 - cores 2, 6, 10, 14 
(b) Y line 4 - cores 13, 14, 15, 16 
(2) U half selects 
(a) X line 2 - cores 3, 7, 11, 15 
(b) Y line 1 - esces 1.2.3.4 
c. Areas where half-selects can be a problem. 


(1) Wherever a half select tape core output adds on to 
a ferrite core which has half read current applied. 


(a) Ferrite cores 4, 12 and 16 have half read 
current applic on X line 1. 


(b) Core 16 has a tape core V-half select from 
Y line 4. 


(c) Core 4 has a tape core U-half select from y line 1. 
(2) Summarizing 


(a) Cores 6 and 16 have half read current plus 
V-half selects. , 


(b) Cores 4 and 7 have half read current plus 
U-half selects. 


d. Solution to half-select problem. 
(1) V-current is turned on .2 micro-seconds before 


U thereby allowing V-half selects to die away 
before read current is applied. 


i lai 
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(2) The time duration of U-half selects is 
minimized thereby allowing these to die 
away before 400 mils of read current is 


reached. 
Bias Fixing Network Wes, PP JV 


aad y AMPS 


Ge 


Provides a smile nt thru the bias winds of the 
16 x 16 tape core Loria 


Basic Operation 


De 


Four transistors are used to supply and regulate the 
four amps of current to the bias winding of the tape cores, 


Two emitter followers are used to isolate the current 
adjustment circuit from the large base currents that 
are drawn from the regulator transistors. 


Detailed Operation 


Ge 


be 


The voltage divider network was designed to keep a constant 
voltage across the three resistors and the pot unless 
Margins are applied. It was found that margins would 

not predict circuit failure so m-rgins are no longer 
applied to this circuit. The five zener diodes will keep 
@ constant -31V on the left side of the Y diode. The 
voltage divider to the right of the Y diode would cause 
-27V to be present below the 180-~ resistor if the Y diode 
was not in the circuit. The -27V on the right side of 
the Y diode will cause it to conduct. When the Y diede 
starts to conduct the right end of ‘the Y diode will go 

to a voltage slightly more positive than -31V. The . 
voltage spread across the pot will be about -7 to ~24.7. 
This pot will be adjusted for 4 amps of current thru the 
Dias winding. After the pot has been adjusted for 
correct current thru the winding, the large capacitor 
connected to the wiper arm of the pot will hold the 
voltage constant when fast changes in base current of 

Q6 occur. 


The two emmiter followers Q5 & Q6 are used to isolate 


the large base currents of Q1 thru Qi from the voltage 
divider network. Q6 will have small base current due 
to the large emitter resistor. More base current will 
flow in the Q5 transistor due to the smaller emitter 
resistor. Very large base current will flow in Ql 
thru Qi. By changing the setting of the pot, the bias 
can be changed on Ql thru Ql. 
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c. Ql] thru Q4 are used to adjust and regulate the 160 
current thru the bias winding. This current will 
be held constant if the -30V power supply voltage 
varies or if a current is induced into the bias 
winding from the tape core switching. The power 
transistors used in this circuit require a large 
back bias for cutoff. In normal operation the 
emitter is about -15 volts and the base is about 
-19V. If the current thru the bias winding increases, 
more voltage will be dropped across the 4.7 
resistors. This will cause a more negative potential 
to be applied to the emitters of Ql thru Q4. This 
decrease in forward bias will result in a decrease 
in conduction, returning the current to the correct 
value. An increase in current can be caused by 
changes in the -30V supply or by a tape core 
switching which will induce a current into the 
bias winding. 


d. Test points F3 and F7 are used when adjusting the 
potentiometer for the desired current. The pot 
will be adjusted for 4 volts between the test points. 









sense Amplifier Model C 





1. Purpose 


a. When a 1 is read out of the memory cores by a reversal 
of their magnetization, voltages are induced in the 
sense windings of the cores. The sense amplifier dis- 
criminates between these signal voltages and the inherent 
noise voltages and amplifies the signals. These signal 
voltages are then used to condition a gate circuit which 
passes a sample pulse and sets a flip-flop in the memory 
buffer register. 


b, The programming requirements for the AN/FSQ-7 led to 
the development of a core memory plane with 256% addresses. 
Tile output of this expanded memory plane is only one-half 
the amplitude of that of the 642 memory plane, with no 
decrease in noise level. The model C sense amplifier was 
designed to provide the additional selectivity and compact- 
ness required with the 256% core memory plane. 


2. Basic Operation 


The model C sense amplifier is a logic element which functions 
as a voltage amplifier and a gate circuit. The block diagram 

of the sense amplifier, page 2270, is the circuit diagram for 

one difference input amplifier stage and associated mixer. Four 
identical difference amplifiers are at the input, one for each of 
the four sense sections in a memory plane. Each consists of two 
transistors which produce an output only when a difference signal 
(voltages of opposite polarity) is applied at their input. — 
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Common mode disturbances (noise pulses of equal amplitude 

and polarity) cancel each other out. For a given memory. 
address, only one of the four sense sections in a plane 

may provide a 1 signal to an associated difference amplifier. 
This is a pulse voltage approximately 1 usec wide at the base 
and 40 to 100 millivolts (mv) in amplitude. Each amplifier 

is followed by a mixer and the outputs of all foi mixers 

are connected in parallel into a grounded base amplifier. 
Regardless of the polarity of the amplified difference signal, 
the mixer supplies a negative pulse to the grounded base 
emplifier, which then goes to an emitter follower. The 
operation of the grounded base amplifier and emitter follower 
is analogous to that of a grounded grid amplifier and a 
cathode follower, respectively. The amplified 1 signal from 
the emitter follower conditions a gate circuit. The conditioned 
gate passes a O.l-usec sampling pulse. The final stage of 
the sense amplifier is a vacuum tube pulse amplifier that 
supplies the 20-volt power pulse required to drive the coaxial 
cable between the memory units and the memory buffer register. 


Detailed Operation 


a. The difference amplifiers page 2270 (Ql and Q2) are 
operating class A. Before a signal is applied from the 
sense winding, both transistors are operating near a 
mid point between saturation and cutoff. This is made 
possible by selecting the correct size components between 
_“150V and 4150V. ‘The bias for @l and Q2 will be developed 
across R7 and R1O. Rl and R2 are used as termination 


resistors for the sense winding. R 3 and R 6 are base current 


limiting resistors. When a voltage is induced into the 
sense winding due to a core switching from a one to a zero, 
one end of the winding goes negative and the other goes 
positive. The positive end of the winding will cause the 
transistor that is connected to that end to decrease 
conduction. The negative end of the winding will cause 
the transistor that is connected to that end to increase 
conduction. Assume that the base of Ql goes positive and 
the base of Q2 goes negative. Ql will decrease conduction 
and Q2 will increase conduction. The decrease in collector 
current from Ql will cause the top of the primary of the 
transformer will go negative. The increase in collector 
current from Q2 will cause the bottom end of the primary 
to go positive. This change in primary voltage will cause 
& voltage to be induced into the secondary winding of the 
transformer. 


The capacitor Cl will maintain a constant voltage at the 
emitters of the two transistors. The capacitor is large 
enough so that it will not charge appreciably during the 
time a signal is applied to the transistors. This will 
increase the-god cf th int to oo cer signal 
is precent.. 
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Large currents in the X and Y drive lines causes 
voltages to be induced into the sense winding that 
are in phase at the two ends cf the sense winding. 
This is called common mode noise and can approach 
10 volts in amplitude. The sense amplifier has been 
designed to completely cancel this noise. When both 
Ql and Q2 bases go positive at the same time, the 
gain will be less than unity due to the change in 
enitter voltage that follows the change in base 
voltage. The capacitor Cl will not be charging or 
discharging because both plates will be going positive 
at the same rate. The current increase thru the 
two transistors will be equal. This will cause no 
voltage to be induced into the secondary winding of 
the transformer. Therefore, any common mode noise 
will be canceled. 


be The mixer stage is biased by the clipping bias pot. 
Both Q3 and will be cut off. The emitters are near 
ground potential due to the conduction of Q5. When a 
Bignal is induced into the secondary winding of the 
transformer, one of the mixer transistors will be 
driven further from cutoff by the positive end of the 
geqondary and the other one will be driven into saturztion : 
by the negative end. When either Q3 or Qi starts to conduct, 
additional current flows thru the R12 resistor. This will 
cause the emitter of Q5 to go negative, which will turn Q5 
off. The collector of Q5 will be a negative square wave 
during the time that either Q3 or Ql are conducting. 


ce Transistor Q6 is an emitter follower that is used to match Refer to Page 
| impedance between the grounded base amplifier and the 2300 
gate circuit. 


d. The level from the emitter follower is used to condition 
the gate circuit. Before a signal is applied to the gate, 
Q7 and Q8 are biased cutoff. When a negative signal is 
applied to the base of either transistors, current will 
not flow thru the primary of the pulse transformer until 
a negative signal is applied to both transistor bases 
at the same time. Current thru the primary of the pulse 
transformer will cause a large positive pulse to be applied 
to the grid of the pulse amplifier Yl. 


é€. The pulse amplifier is the same as that used throughout 
the compute 


Digit Plane Drive 


noone Py 2 LD 


&. The digit plane dfiver, model C, supplies a current pulse, 
known as inh*oit current, of approximately 2.2 usec and 
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370-430 ma to one~fourth of the digit plane windings 
of a oo ferrite core memary plane. The inhibit 
current mainteins a condition in those cores that had 
contained O's readout by opposing the write-current 
pulse, thus preventing the writing of 1's into these 
partioular cores. 


be Fow DPD's are used for each of the 33 rerrite core planes, 
er a total of 132 DPD's far the 256° manory systen. 


2.e Basic Operation 


a. The digit plane d#iver, model C, consists of a feedback Refer to Page 2320 
amplifier, a cathode follower and a driver. The 
emplifier provides the voltage swing necessary to 
turn the 5998 driver en and off. The cathode follower 
improves the fall time of the negative output and also 
supplies the grid current required by the 5998. ‘The 
input to the amplifier is the difference between a 2.2- 
usec, ~30V pulse and a feedback voltage obtained from 
the driver output. The output current amplitude can be 
varied. : 


be The digit plane driver circuit operates only when an inhibit 
current is needed to prevent the writing of ail into a 
memory core (thus storing a 0). ‘The inputs to the -AND 
circuit are a 2.2-usec, -30V pulse from the inhibit gate 
generator and a -30V level from the 1 side of one of the 
flip-flops in the memory buffer register. 


3-  # Detailed Operation 


a, ‘The input -¢ circuit, CRL, CR6 and Ri will keep a /10V 
level on the left end of R3 while either input is /10V. 
The grid eurrent from V1 thru R3 will cause the grid to 
be slightly more positive than ground. The charge on 
capacitor C2 will be equal to the voltage drop across. 
R3 or #10V. Qurrent will be flowing from <150V thru R5 
and CR3 to -15V. This will clamp the plate of CR2 to 
“15V. CR2 will be out off due to the 15V back bias. 
ee oe Cee eee ae ere Se ee 
en the grid. 


be. The grid of V 2 is clamped to -215V by voltage divider R8& 
end R9. Ve will be conducting and the grid current will 
be flowing thru the forward resistance of CR4 and CR5. 
The cathodes of V2 will he slightly more positive than 
V3. grids, or -212V. This is epEtied to the grids of 


Ce V3 cathodes will be at <-150 when the grids are at -212V. 
V3 will be cut off. 


42?50Vv 
(4) 


NOTE 
@ DES'GNATES THAT & 47 One 
PARASITIC SUPPRESSOR 'S 
CONNECTED IN SERIES WiITe 
THE TUBS ELEMENT 
@4@ DESIGNETES THAT 2 1D OMy. 
PaResi" iC SUPPRESSOR (tS 
CONNECTED tN SERIES wite 
THE TUBE ELEMENT 


Re 
SEK 





& SUB- PLANE 





@ 


147 OnM 


DIGIT FLANE 
WINDINGS OF TERMINATING 
ONE feHBIT RESISTOR 
- REGION 
RI7 = RIB = 
4a.3K a3 
RI9 
$00 
RIS RIG 
120 120 
(Cc) 
~SO0V 
-300V -300mCv 
(D) (€) 
O.OruF O.OIUF 
100 22 
SV -180V -300v - 3O00MCV 


DIGIT PLANE DRIVER, MODEL C,. SCHEMATIC DIAGRAM 


NOTE 
SWEEP DEFLECTION FOR 
ALL WAVEFORMS EQUALS 
LO USEC /DIv 
ALL WAVEFORMS ARE REFERENCED 
TO THE INPUT SIGNAL (WEFORM (1)) 


- 1OV/ Div 





2 0v/ DIV 





: 200/ 0 











ecv/ Olv 





Sv/Div 





etre 


de 


f. 


Ke 


Core Storage Element 


When a negative signal is applied to both inputs 

to the -€ circuit, the right end of the diodes 

will go negative at an exponiental rate determined 
by the size of C2 and R3. The right side of R3 
will try to go to -10V due to the 10V charge on C2. 
This. causes Vl to start toward cutoff, but as the 
plate goes positive the change will be applied to V3 
thru the cathode followers. This causes a 13V 

volt positive change to be applied to the right side 
of capacitor C3. ‘This- causes the left side of the 
capacitor to go positive by the same amount. The 
left side of capacitor C3 was ~15V prier to the time 
the signal was applied./13V added to this will be -2y. 
This is the voltage that will now be applied to the 
plate of CR-2. The cathode cannot be much more 
negative than the plate, so the grid of V1 will be 
near -2. This will not completely cut off Vl. 

The plate voltage will now be about /1l4OV. 


The /70V change on the plate of V9 will be coupled 
thru capacitor Cl to the grid of V2. The cathode of 
V2 will go positive at the same rate. The positive 
change on the grid of V3 will cause it to conduct. 
460 ma will flow thru the cathcde resistors. 440 
of this will. flow thru the digit plane winding. ‘The 
remaining 20 ma will be grid current. 


- The output current can be adjusted from 330 ma to hho MA 


When either of the two inputs to the - § goes positive, 
the capacitor C2 will couple this change to the grid 
of Vl. As the plate goes negative, the capacitor Cl 
Will discharge thru the forward resistance of CR4 

and CR5. Resistors R6 and R7 equalize the voltage 
across the diodes. 


The resistors and capacitors below the schematic on 
page 2320 are decoupling circuits in the different 
voltage lines. 
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J. Summary Questions: enJo 


1. 


Diode Matrix Decoder 

a. The DMD is made up of circuits. 
b. The DMD conditions ‘ 

c. The input to the DMD's are from 

d, A selected output line is | volts. 


e. The IA deselect FF controls the fifth line into the 
- circuit far address line number : 


f. The IA deselect FF is necessary due to the 
in the IA's. 





. Input Amplifier 


a 


This circuit is used as an ; and 


¢ 








b. The input is from the circuit. 


c. When the input to the circuit is 410 the output 
is ‘ 


d. When the input to the circuit is -30 the output 
is 7 





CR5 and CR6 are used as a path 
for C3. | oe 


Switch Driver 


a. The switch driver inputs are from an and 
a 


‘b. This circuit is used to switch from one 


tape core drive line to another. 


c. The amount of current thru the SWD will be controlled 
by the 
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d. One SWD supplies current to | “CCD's. ARXIV 


e. The pulse shaping network is used to compensate for 
the | of the tape core drive winding. 


4. Current Regulator 


a. This circuit is used to convert a pulse 
toa pulse. 


b. The conditioning level is supplied by the FF. 
c, One SWD supplies. drive current to tape cores. 


d. The Zener diode (CR509) is used to keep. a constant 
on V4, V5 and V6. 


e. By increasing the capacitance at H5, VZA will be turned 
off V2B is turned off. 


f. Adding capacitance between J3 and J6 will cause the top 
of the current pulse to increase ata rate. 


g. The pulse slope is used to keep the current thru the 
drive line ; 
5. Tape Core Matrix 
a. U currents and V currents are applied to the matrix at 


different times to decrease the affects of 
noise on the ferrite cores. 


b. The switching of a tape core is accomplished during read 
time with the winding. 


c. The winding overcomes the effect of the 
bias current. 


d. The number of U windings was decreased from 16 to 12 
to. the rise time of the current pulse. 


e. One tape core that will not switch will cause 
memory addresses to fail. 


6. Bias Fixing Network 


a. Develoves the driving force to cause current 
when U and V drives are removed. 


b.. The value of current delivered by the BFN is ‘amps. 


c. The two emitter followers are used to the large 
base current of QI thru Q4 from the voltage divider network. 


Core Storage Element 
d. The pot is adjusted for volts from A260 
F3 to F7. | 
. Sense Amplifier 


a. This circuit is designed to "one signals from 
ferrite cores. 


b. This circuit amplifies a one signal from either a 
ora core. 


c. The difference amplifiers are operating class 


d. The mixer stage is sensitive to either a or 
a output from the difference amplifier. 


e. The mixer stage is biased by the clipping level pot to 
prevent bits or from conditioning 
the gate circuit. 

f. Q7 and Q8 make up the | circuit. 


. Digit Plane Dirver 


a. This circuit supplies ma of current to ferrite 
cores in the , . direction during time. 


b. The DPD prevents the writing of into ferrite cores. - 


c. CR1l and CR6 are used as a circuit. 


e 


R8 and RY are used to develope the voltage 
for V2. 


e. One DPD supplies current to sub planes. 


XX. 
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256% Logic Analysis 


A. 


-~Logic 0-2.1, 4 


1. 


TP-0 MAR F-F Loading 


a. From Address Reg. - Logic 0.4. 11IP-0 OT gated pulse to 
transfer Address Reg. to MAR #1 C/D Zones 14 thru 7. 

b. From I/O Address Reg. - Logic 0. 4.1 (Zone 4E) 6GD F1- 
pulse from 0. 2. 3 6DD (k7) 1, (Zone 4E) TP-0 Gated by 
Write FF on, or Read FF on. 

c. From Program Cntr. - Logic 0. 4.1 (Zone 4-1C) gated 
IP-O, PT (Zone A5) pulse into 6GEH3 out H7 to transfer 
P.C. to OR circuits in Address Reg. to MAR. 


TP-O + approximately .5 microseconds - Start Memory 


a. Set ''v'' Read Gate Generators. Logic 0.2.1.4 (Zone 11C) 
67AG and (Zone 6C) 65 EG - 30 volts is thus applied to 
the X and Y ''v'"' CR's so that the SWD which was grid 
conditioned by the IA will now supply X & Y "V"' current 
to the CCD's. 


Start Memory + .2 microseconds. 


a. Set "U" Read Gate Generators. Logic 0.2.1.4 (Zones 
11 A-C and 7C). The X and Y "U" CR's are conditioned 
as with the ''V"'.above, and the fully selected CCD's, 
(two-one for X and one for Y),, will develop: READ current 
in a Ferrite core address. 


Start: Memory .nill. 9 microseconds -:''SAMPLE" 
a. Eight sample pulses to sense amplifiers started by pulse 


from MPD. #1, Logic 0, 2.1.4 (Zone 11A) out of Sample 
Gate Generator (Zone 10C) thru progressive delays. 


‘b. These samples are approximately .04 microseconds 


apart are introduced into the S.A. circuitry on Logic 
0.2.1.6 (Left Side) where they strobe transistorized 
gate tubes. 


1) #1 Parity thru L3 
2) #2 L4 thru L7 

3) #3 L8 thru L1l 

4) #4112 thru L15 
5) #5 RS thru R3 

6) #6 R4 thru R7 

7) =#7 R8 thru Rill 

8) #8 R12 thru R15 


PATO 


10. 


11. 
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c. As aresult of Read current, the S.A., detecting a "1" 
bit in the selected ferrite core, will set the correspond- 
ing Memory Buffer FF. 


Start Memory + 2 usec. - CLR Read V 


a. Pulse out of MPD #1 Logic 0. 2.1.4 (Zone 10A) to clear 


Yv RGG 67 AG (Zone 11C) and 65 EG (Zone 6C). 
b. This allows fully selected CCD to return to zero NI state. 


Start Memory + 2.4 usec. - Set Inhibit Left Word 


a. Pulse from’MPD #2 Logic 0. 2.1.4 (Zone 9A) to DPD Se- 
lection Gates (Zone 9-8C) to Inhibit Gate Generators (Zone 
9-8D) as gated by Bits R14, 15 from the MAR. 


Start Memory + 2.6 usec - Set Inhibit Right Word 


a. Pulse from MPD #2 to DPD Selection Gates Logic 
0.2.1.4 (Zone 4-3C). 


Start Memory + 2.6 usecs - Clear Read U | 


a. Pulse from MPD #2 Logic 0.2.1.4 (Zone 9A) to Yu R.G.G. 
(Zone 11C) 67 AG, and Xu RGG (Zone 6C) 65 EG. 

b. This is negative logic since setting the U RGG's causes 
the removal of all selection current on the CCD's and 
permits bias current to reinstate the fully selected CCD 
to the quiescent state and in the process producing a 
WRITE current on the coincident lines in the ferrite core 
array. 


Start Memory + 3.1 usec. Clear MAR (to 1's) IA deselect, 


and Sample Gate Generator 


a. Logic 0.2.1.4 (Zone 9B) 65AK B1 to 65 AG & 65 AH 
(Zone 14B); to 65 AM A3 (Zone 10C). 


Start Memory + 4. 4 usecs - Clear Inhibit Left 

a. Logic 0.2.1.4 (Zone 8A) clear inhibit left pulse to clear 
inhibit gate generators (Zone 9-8D) thereby turning off 
DPD's for left word, Logic 0.2.1.6. ~ 

Start Memory + 4.5 usecs. - Clear Inhibit Right 

a. Logic 0.2.1.4 (Zone 8A) clear inhibit right pulse to clear 


inhibit gate generators (Zone 4. 3D) thereby turning off 
DPD's for the Right Word, Logic 0.2.1.6. 
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Note: | The following is the Time Sequence and Affected Logic 
with Memory I not selected. 


12. TP-0 - Delayed 


a. Load MAR F-F's, Logic 0.4.1 - similar with cases under 
Part II A except with LS of Address Register set indicating 
Memory II. A pulse from Logic 0.4.1, 4 EP H7, (Zone 
13B) strobes transfer gates. 

b. TP-O Set IA Deselect F-F Logic 0.2.1.5 (Zone 11E). 

c. TP-0 Into Clock IV Logic 0. 2. 1. 4 (Zone 12B) and out 
67AJC1 after 1.5 usec, delay. 


13. TP-0+1.5 


Logic 0. 2. 1.4 (Zone 9A) - pulse into 65 AKC5 and out 65 AKB1 
to Clear MAR, IA Deselect F-F, and Sample Gate Generator FF. 


B. Logic 0-2.1.5 (1 & 2) 


1. Familiarization 


a. MAR & PCA (16A-E) 

b. -AND Circuits (15A-E) 

c. IA Deselect FF (14E) 

d. JIA's (15A-E) 

e. SWD's (u & v) (12A-E) (11-6A) 
f. BFN (12A) 

g. 


CR's (u & v) (13A and 5A) 


Note; Jumper Bl to B2 uCR 
Tilt & Padding on uCR 


h. Tape core assemblies 

i, Damping Resistors for SWD's, 500 ohms, located between 
two bus bars close to output of SWD's on logic. 

j. Pulse Shapmg Network 


1) u- 5B 
2) v-5E 


k. Chokes for BFN (5D & 11A) (Physical location in center 
of Unit 66) 


C. Logic 0.2.1.6 


1. 
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~48v Interlock OR} (P.U.'s mst be plugged in 
to bring up D. C. 


Explanation chart on tape core Plug Pins. (Middle 
of Matrix. ) 


Note: Chart is for output winding connection to parity 
plane. (Input shown on logic). 


P. U. Pin 
66 D B py D KK 
Unit Panel Row ‘fape Conn. Pin 
Core or Plug of Conn. 
P.Unit 
Plane Pin 
66 D »D 1 ) 
Unit Panel Row Section Subplane 
or Subplane Pin 0-63 
of Panel L L-R. 


to R facing 
panel (1,2,3,/) 


Point to point wiring of CR's Charts IT and III. 
Chart I for BFN choke wiring. 


Connectors between Unit 65 (SWD's) and Unit 


66 are 
shown on Page 1820. (Mounted on top of Unit 66) 


Sample Delays 


Lett Word Chart 


Right Word Chart 
Input from Array 
Output to MEM Buffer 


DPD's 


Be 
De 
Co 
ad. 


Inputs from IGG's 
Each PU has two DPD's 
Explain Charts 
Output to Array 


D. 
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Logic 0.20167 


1. Sheet #1 used for determining X and Y drive line 
connections to specific planes as well as sense winding 
output connections. 


2. Sheet #2 used for determining CCD plane ay termination 
resistor locations within the 2 256 Array 


Summary Questions: 


1. G2, 65 AH Logic 0-2.1.4. C5 will not pass a pulse. How 
many memory addresses will fail if all zeros are written into 
and read from memory? 

2.  65BUG1 0-2.1.5. ElL4 is open. Which addresses cannot be 

selected in manory? 


3. List the P.U. pins where the drive lines leave the tape 
core matrices for each of the following addresses: 


&@e 0.00137 
be 1.04160 
Ceo le 76341 
de. © 0.73155 
e. 0.42032 


4, Output winding of the Tape Core for Xu = 1110 and Xv = 0010 is open. 
After the following program halts, i are the contents of the accumilator? 


1.2345) CAD 1.23455 
1.23455 ADD 1.23456 
1.23456 ADD ‘ 1.23457 
1.23457 HLT 1.23460 

A. 0.00000 1.72616 

Be 0.02100 1.72616 

C. 0.00000 0.00000 

De 0.02100 0.47136 

E. 0.01040 1.23456 
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XXT. 256° Memory Diagnostic Techniques 


A. 


’ Intro .uction 


1e The 256° memory is jarger and more complex than its | 
predecessor, the 64* memory. Because of these considera- 
tions a malfunction, when it occurs, requires a more 
constructive approach to effectively isolate the malfunction. 


2e An important prerequisite for effective 256° memory 
maintenance is knowledge of the equipment's operational 
characseristics. In this respect it differs little from 
the basic maintenance requirements for any piece of 
electronic gear, however, it cannot be too strongly 
emphasized with regard to this equipment. It will be 
assumed, throughout this section, that the reader is 
thoroughly familiar with the theory of operation, including 
the logic, and individual circuit characteristics. Margins 
and the effect of these margins on the applicable circuits 
and on the overall system are analyzed in this section. 


3. As with other areas of the Central Computer, the initial 
approach to 256© memory maintenance is with maintenance 
programs. The program, CKA BIG MEM 01, developed for the 
256“ memory, differs from others in that it provides error 
indications in a form that lends itself readily to a more 
complete evaluation of the trouble area. The method 
employed for this process is data reduction, which is a 
compact printout designed to show the number gf errors 
encountered in the pertinent areas of the 256“ memory 
wiile running the various program test routines such as 1's 
end O's discrimination, addressing, checkerboard, etc. From 
this information an interpretation is possible that permits 
the malfunction to be isolated to a specific area of the 
equipment. Thereafter, conventional maintenance techniques 
should suffice in correcting the deficiency. 


NOTE 


Data reduction is favored over straight line print 
for most diagnostic procedures because of the time 
factor involved. This is due to the fact that to 
indicate the maximum of '200,C90, errors with a 
straight line print using the 130 line-per-minute 
printer would require in excess of 7 hours. Data 
reduction, by comparison, prints 200,00g errors in 
less than 4 ninutes. For a small number of errors 
the program does permit, through the proper selection 
of SENSE switches, use of either straight line or 
data reduction print. Refer to the program writeup 
for details. 


Core Storage Element o 330 


The diagnostic philosophy for the 2562 memory, therefore, 
entails a thorough knowledge of the equipment's operation 


"in order to best interpret the results obtained with 


data reduction, as the two are inseparable. In addition, 
the program CKA BIG MEM 1 must be completely understood 

so that the tests and options provided therein can be 

used to the greatest advantage in achieving the flexibility 
desired for evaluating and tracking down any particular 
malfunction indication. This latter fact is so important 
that the program tests and options are individually 
analyzed in this section. 


B. CKA BIG MEM 1 Explanation 


le 


Ceo 


36 


This program was designed to be a Reliability. Marginal 
end tuning program for the 256“ memory. 


Program Loading Using Big Memory 


&. Place the MEMORY NORMAL-REVERSE switch in the NORMAL 
‘pos ition. 


be Place the M.C. System in CALCULATOR mode. 


ce Place a DCS printer board into the line printer. 
d. Place BPX.2.00000 into the A switches (1.05100 0.00000). 


e. Place the TEST MEMORY switch to ASSIGNED. 


of. Place the program deck into the card reader hopper. 


The deck consists of 203 cards (000-202) not counting 
the MC data cards. 


Bo Depress the MASTER RESET and LOAD FROM CARD READER push 
buttons. 


Program Loading Using Little Memory 


& Repeat steps a, b, c and d above. 


be Place TEST MEMORY switch to UNASSIGNED. 
Ce Place the BIG MEMORY TEST MEMORY plugboard into TEST 


MEMORY... 


dad. Remove the first card from the program deck and place the 


deck into the card reader hopper. 


ee Depress the MASTER RESET and START FROM TEST MEMORY push 
buttons. 


f. Place TEST MEMORY to ASSIGNED after the deck has started 
to load. 


Note: 
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In both cases above the normal reverse switch 
is. in the Normal position. The BIG MEMORY 
plugboard will load the program into little memory. 


4, Program Modes 


de 


Mode A 


1) 
2) 


3) 


hye 


9) 


1) 


2) 


io 
er 


I) 


5) 


20D 


Complete Reliability Run of the program thru 
all test routines. 


This Mode is selected by loading all 8B switches 
in the "0" position. 


Continuous running of the program will be indicated 
by the stepping of the Right Test Register which 

is used as a pass counter. The time for one pass 
thru the program is 2 minutes. 


The program has no error HLIT's. 


Less than 10 errors will be printed in straight 
line print. More than 10 errors will use data 
reduction. 


B 


Non=Marginal Check run of the program with selected 
test routines. 


At least one of the Right B switches from R2 thru 
R15 must be in the one position. IS and Ll must 
both be in the zero position. 


Instead of the program running thru the entire program 
as in Mode A, only the Routine selected by the Right B 
Bwitches will be run. 


The type of error print will be selected with the 
sense switches. 


Bypass all errors 88 3 ACTIVE 

Straight line print | 8S 1 ACTIVE 

Data reduction 88 2 ACTIVE 

Least error print No SENSE Switches 
Less than 10 Straight line print 
1O or more Data reduction 


Individual subplanes can be. ‘selected with Lil thru 
LL5 B switches. 


6) 


7) 


8) 


9) 


1) 
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a) To test all subplanes, place B switch 
Lll = QO. 


b) To test selected subplanes, place B switch 
Ll1 = 1 and select the subplane with B 
switches Ll2-L15 as follows: | 


EXAMPLE; Lill Ll2 3 #Ww&s wu 


SUBPL 1 1 O 0 0 1 
SUBPL 2 1 Le) 0 1 0 
weet & # * * % * 

1 1 L L 1 


If the program runs successfully and data reduction 
is selected, the program will cause a success 
printout. 


Prior to running margins the program will. make 

one reliability pass through every test routine. 

If any errors are encountered the appropriate error 
printout will be obtained. 


a) No Sense Switoh-Least Error 
| Bense Switch 1 - Straight Line Print 
Sense Switch 2 - Data Reduction 


Note: After the error printout the following lines 
| will print: "Reliability Pass Fouled Auto 
Margins Should Not Be Run". 


The M. C. System mst be placed in callewlator mode 
prior to running margins. 


Error Indications 


a) Printout of the MC word causing the failure, - 
along with the number of the routine failing, 
wiier INFO. ; 

b) If the failure was caused by bad parity, under 
INFO will be "0.77701" for Test No. 1, etc. for 
the other test. 


c)  LEAST-ERROR printout of information failures for 
the first routine that fails if running to prescribed. 


Cc 
In this mode, all memory margins are tested. Margins 


may be run to prescribed, failure, or failure-minus- 
one. No test routines may be selected. 


d. 


2) 


3) 


4) 


5) 


1). 


2) 
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This Mode is selected by setting LS of the B 
switches toail. All other B switches mst 
be in the zero position. Place M data cards 
in the reader. 


Three different types of margins may be 


selected. 
a) SS 4 ACTIVE Run prescribed margins 
bd) 8S 3 ACTIVE Run failure-minus-one 


| margins (FM) 
c) S8 3 & 4 ACTIVE Run to failure 


A successful printout will be determined by the 
type of margin selected. 





Running to: Success Indication 
° Prescribed No Printout 
b) FM TOK" printed for lines that 
fail at FM 
c) Failure "OK" printed for lines that fail 


above prescribed 


The time required to run the program will be 
determined by the type of margin selected. 


Prescribed - 18 minutes; FMD - 18 minutes; Failure - 
25 mimuites. 


D 


This mode allows running of selected margink with 
selected error printouts. Margins may be run to 
prescribed, failure or failure minus one. No test 
routines may be selected... 


This mode is selected by first leaving IS of the 
B switches cleared and inserting the "Ident" mmber 
of the desired marginal check line in R8 thru R15 
of the B switches. After the MC System is placed in 


all. 
cleared except Ls to ail. Press the continue push 
button and the MC data cards remaining in the 
reader will be rm. ; 
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3) ‘Three different types of margins may be rum. 


a 88 1 ACTIVE Run prescribed margins 
b 88 3 ACTIVE Run failure-minus~one 
margins (FM) 


c) 88 3 & 4 ACTIVE Run to failure 
4) Types of error print selections: 
All Sense Switches OFF laest-Error printout 


a 
b Sense Switch #1 Active Straight~Line printout 
Cc Sense Switch #2 Active Data Reduction printout 
a 1" it " Least-Error 68 

e Only" “ #$3eh " No info error " 


5) A successful margin will be indicated by an "OK" 
| printout or no "Fail" printout. 


Seo Mode E 


1) his mode provides tuning routines for scoping and 
fine tuning of memory. No test routines may be 
selected. r 


2) This mode is selected by Ll of the B switches and 
any other B switch from L2 thru L15 to select the 
desired tuning routine. 


Note: If more than one B switch from L2 thru L15 
are ones, the tuning will be selected by the 
switch nearest Li. 


5» Program Test Routines 


a There are many weaknesses to serial type equipment such as 
& memory device. This means to properly test this equipment, 
many different stringent type conditions must be put on 
this equipment to insure that it is functioning properly. 
Some of these more stringent tests, however, are not 
advantageéus for trouble shooting’ basic catastrophic 
type troubles. For this type, we have basic tests such 
as; Ones discrimination, Zeroes discrimination, and 
addressing. Once these basic type test are running 
properly we approach the more stringent type test. 

Some of these utilize several stringent applications 
such as, pattern and frequency, to provide a more 
effective test and to hold the number of tests to a 
minimm. Some of the conditions that must be tested in 
the 256¢ memory are as follows: ! 


3 The ability for each core to read a one-Ones disc), 
2) ‘he ability for each core to read a zero-(zeros disg. 


De 


Ce 


3) 
h) 


5) 


6) 


7) 
8) 


9) 


10) 


2330 


Core Storage Element 


The ability for each address to be properly 
selected-(addressing) 

The ability to continuously read from a 
particular address at a 6 us rate - Regular 
and Inverted checkerboard beat test. 

The ability to send successive addresses at a 
6 u 8 rate in a burst type condition with a 
stringent pattern - Regular and Inverted maximm 
voltage test. 

The ability to read successive addresses at a 
6 us rate in a burst type condition with a 


‘stringent alternate pattern - Regular and Inverted 


maximum voltage alternate pattern. 

The ability to read stringent patterns that create 
noise on the sense amplifiers ~- test 12 and 13. 

The ability to perform 1/0 Memory cycles and 
computer memory cycles with differences in start 
memory timings - I/O Compatibility. 

The ability to perform test under the most stringent 
patterns such as the worst pattern. 


The ability to perform test which create core 
history such as Test 6 through 14. 


Test Routine 1 ~- Ones Discrimination 


1) 


2) 
3) 
},) 
5) 
6) 


7) 


This tests the memory's ability to read Ones from 
each core. This is done by writing Ones into each 
address and then attempting to read Ones back from 
each address. 

Records all errors. 

Useful for isolating failures. 

Checks SA's for dropping bits 

Checks DPD's for continuous conduction. 


Does not prove address selection system is 
functioning correctly. 


Does not check parity, 


Test Routine 2 - Zeros Discrimination 


FW ND 


This is similar to Test No. 1 except it tests for zeros. 
Checks DPD for non-conduction. 

Checks SAs for continuous conduction. 

Will run successfully with memory units power off. 
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de Test Routine 3 = Addressing 


(1) This routine places a constant equal to the 
address in both left and right half memory words. 


(2) This may be the only test routine that fails when 
an addressing malfunction is present. 


(3) Address 0.00000 does not fail if power goes down. 
e. Test Routine 4 — Regular Checkerboard Beat Test 


(1). This Test loads the regular checkerboard pattern 
into memory and then locks the I/O ADR CTR on to 
each address and writes 40g words into the I/O reg. 
After each address is treated in this manner, the 
progrem then checks the contents of memory for 
information failures. 


(2) The regular checkerboard pattern puts all ones into 
each address that is made up of positive cores and 
zeros into each address that is made up of negative 
corese Positive or Negative cores are identical 
except that they induce a different oolarity voltage 

. into the sense winding when they are switched from a 
one to e zero. All of the cores in one address will 
be the same polarity. 


(3) The primary cause of failure is the repetitive 
selection of the same address rather than the use 
of the checkerboard pattern. This pattern will 
cause some failures that would not be detected 
by all ones or all zeros due to the lack of 
cancellation. between half.select noises in the 
checkerboarde | 


£; Test Routine 5 = Inverted Checkerboard Beat Test 


(1) Same as test 4 except the positive cores are loaded 
with zeros and the negative cores are loaded with ones, 


g. Test Routine 6 = Regular Checkerboard Maximum Voltage Test 


(1) This test loads the checkerboard pattern into the 
subplanes in such a manner as to create a maximum 
voltage across the sense windings. Prior to loading 
this pattern the memory is cleared at a 6 usec rate, 
twice to create stringent conditions upon the memory. 
Cnce the pattern is loaded the memory contents are 
written into the I/0 REG at a 6 usec rate. The test, 
then senses for a memory parity error. If. it senses one, 
it then checks the contents of memory for an error. If 
there is no memory parity, it assumes no error. 


h. 


ie 


je 
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2) This pattern is loaded in such a manner to 
cause a maximm voltage to be induced into a 
sense winding. The SA's must recover before 
the next address is selected or a zero may be 
read as 4 one. 


Test Routine 7 - Inverted Checkerboard Voltage Test. 


1) ‘This is the same as Test Routine 6 except the 
maximm voltage is in the opposite direction. 


Test Routines 10 & 11 - Meximm Voltage Alternate Checker- 


board Regular. 


1) his test is identical to Tests 6 & 7 except the 
way in which voltage is developed across the 
sense windings. This test is designed to check 
for cross-talk between planes. 


Test Routines 12 & 13 - Regular and Inverted Checkerboard 
= Voltage Parity Test. 


1) These tests are of similar’ function es Test No. 6 
ani 7. However, it tests for maximum voltage of 
the parity bit. In doing g0, it utilizes such a 
word make up as to test for noise on the sense 
emplifier ground bus and concentrate on bit positions 
L7, L8 and R7, R8& to pick ie the’ noise. 


Note: These SA's seem to be more sensitive to noise 
than any others. ‘ fore, the test pattern 
used in this routine was chosen so as to 
irritate this condi’ _ The tendency is to ' 
pick bits. ie 


Test Routine 14 - 1/0 compatsbility : 


1) This test interleaves r/o and computer memory cycles 
at a 6us rate to test the difference in start 
memory cycles (OT & BO) effects on memory operation. 
This test is automatically pypeseet if main drums are 
in MANUAL TEST. 


fest. Routine 15 - Worst Pattern Weak Ones Test. 


1) ‘This test, by utilizing checkerboard pattern, and 
disturbing cores in a logical sequence, causes the 
addition of the cores outputs along a selected line 
to subtract from that of the fully selected core, 
causing a weak One. This tests the weakest and 
sometimes the earliest peaking cores. 
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Test Routine 16 ~ Worst Pattern Fast Pass 


1) ‘his test is the same as test 15 except only a 
portion of memory is checked. 


Tuning Routines 


de 


d. 


f. 


The tuning options have been designed primarily 

to be used as an aid in tuning memory. Their use 

should not be limited to tuning, however, they 

can be very useful in scoping and isolating malfunctions. 


To select any of these routines Ll of the B switches 
mst contain a l. 


Start Memory Timings (BSw. L2) 


1) Selects memory for the five different types of 
memory cycles. (PI, OTA, OTB, BO and BI 


' 2) Used to set memory and MAR timings. 


Diagonal of Array (B Bw. L3) 


1) «=6'This routine provides read/write current on every 


X and Y line on the array. This is done by full 
storing 1.77777, along a diagonal in the array. 


2) Provides read/write current to every drive line. 

3) Used for scoping read/write waveforms. 

Diagonal of Tape Cores (B Sw. Li) 

1) ‘his routine selects tape cores in ‘each tape core 
matrix along a diagonal. The routine uses a series 
of FST instructions. 1.77777, 17/777 is stored in 
each memory address selected. 

2) Used for scoping SWD and IA outputs. | 

Scope Any Address (B Sw. L5) 


1) Reads 1's from the t/o register into the address 
specified by the right B switches. 


Read-Write current (B Sw. L6) 


1) his routine pulses three selected addresses 
80 that the Read/Write currents and the half 
select noise from u and v can all be seen on one 
drive line from the tape oore matrix. 


h. 


Le 


Je 


ke 


Core Storage Element AALO 


DPD Adjustment (B Sw. L7) 


1) 


2) 


3) 


This routine loads memory with all 1's. ‘The 


entire memory is then written into the I0 


register 16 times. Memory is then reloaded 


and the process repeated as long as B switch 
L-7 remains down. 


To adjust a DPD, the SA input is shorted (across 
input capacitor). This will place O's in one 
Sense Section in one plane during the read in 
cycle of the program. This will give a clean 
inhibit current waveform for the four DPD's 
associated with one plane. To adjust the next 
plane, move the shorting lead. 


This routine is also useful in scoping the SA 
test point while writing ls into the I0 
register from every memory location. This shows 
the SA test point with a sample and a 1 waveforn. 


SA Adjust With Scope (B Sw. 18) 


1) 
2) 


3) 


This routine reads 1.77777, 1.77/77 into address 
16140 from the IO register at a 6-usec rate. 


Shows a "1" platform without a sample pulse at the 
SA test point. 


Used for adjusting the width of the "1" output using 
the clipping level. 


SA Adjust by Ear Zeros (B Sw L9) 


1) 


This tests the memory's ability to read ZEROES, 

at a six microsecond rate and with a negative 
margin applied to 490 B3, without picking ONES. 

If a bit failure occurs it will be displayed in the 
LIVE TEST register and an audible tone will be heard 


from the Duplex Maintenance Console speaker. 


Note: To check all bits ~ A switches -- BPX 2.00000 
0.00000 0.00000 


LeTTTTT. LeTTTTT 


To check individual bits - Clear the A switches and 
then select that bit in the same switches. 


8A Adjust By Ear Ones (B Sw L10) 


1) 


This is identical to the L9 selection except that it 
checks for.ONES dropping. This routine should run 
successfully with a /25V margin on the. #90 B3 line. 


Te 
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SA Adjust By Ear Parity (B Sw Ii) 


1) This toutine should only be rum when routines L9 
‘and L10O have been brought up to a desired margin. 
The error indication for this bit is an audible 
tone which may occur with a positive or negative 
margin applied to #90 B3 line. 


CR Adjust By Ear (B Sw 112) 


1) ‘his routine reads QNES and ZEROES from memory and 
causes an audible beep if bits are picked or 
dropped. This routine is used in conjunction with 
the tuning procedures utilizing margins - 150 C1234 
on the CR‘s. 


Automatic Margins to Failure (B Sw L113) 


1) ‘This routine will automatically run margins to failure 
with selected routines on /90 B3 SA - and -90 B3 SA - 
and 4150 routines on /90 B3 and - excursions, and 
-150 C12344 and - excursions. One line of octal print 
can be obtained on each excursion failure by depressing 
switch 1. he option of running just B3, C1234, 
or both is as follows: 


L13 ON - Automatic margins to failure - B3 
and C1234 

L13 & Ls ON - Automatic margins to failure - B3 

L13 & L15 ON = Automatic margins to failure - C1234 


Data Reduction 


De 


d. 


’Is used to provide the operator with a complete and compact 
picture of the error pattern occurring in the 256 memory. 
This is not a diagnostic printout, in the sense that it 
points to the exact pluggable unit that is faulty, but is an 
attempt to give the operator as complete of a picture as 
possible of the errors encountered so that he can decide 
which unit is at fault. Utilizing coumon sense and logical 
deductions, this feature can be used as a vital tool in 


maintaining the 256° memory. 

This feature compiles 200000 errors in approximately 4 
minutes in contrast to eight to nine hours to print each 
error separately as in a straight line print. 

It displays this reduction of errors in a readable form. 


Each error is broken down into the following categories and 
stored until the selected routine is finished. 


“ BITS PICKED or dropped. 
2 Address ~- into appropriate switch drivers. 
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3 Subplanes 
4) Inhibit regions 
e. When the routine is finished it accumlates all the 
stored information and prints this out in a readable 
form (Data Reduction format). 


fST No (Note 1) | Total Mmber of Errors (Note 2) 
“WDS wv yw x mw Bm mROP4IHPICK DROP RH PICK 
bo 8 
Q1 i. 
2 2 
f (NOTE 3) 2. (NOTE 4) 
a g 
1 9 
kb 10 
3° 11 
Seem \ 12 
2 14 
T 15 
"NHIBIT REG 3 -B #C -D “A 
aren REG 2 -A -B @C -)D 
(NOTE 5) 
VHIBIT REG 1 -D “A -B =C 
far rea 0 -C -D “A -B 
DATA REDUCTION FORMAT 

Hote 1 An octal muber will be printed here that is indicative of the test 
routing being run at the time of failure. 

Note 2 An octal mumber will be printed here that is indicative of the 
cumulative total of errors depicted in the individual inhibit regions 
shown at the bottom of the form. The errors represent address 
failures not bit failures. . 

Note 3. ‘The information in this area for the individual Yv, Yu, Xv, and Xu 


SWD selections reflects the errors counted, in octal notation, on the 
ee re ee ee Pe ee Oren ene eee ee 
epplicable SWD line selections. 
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Note 4 The information in this area represents the result of examining the 
left and right half-word digit planes for dropping and picking 1's. 
If either is present, the total number is depicted, on octal notation, 
in the appropriate colum adjacent to the affected bit. 


Note 5 The information in this area reflects a running count, in octal notation, 
of the mumber of errors in each subplane. Since the i x 4 configuration 
of subplanes for each digit plane is identified by inhibit region and sense 
section in the arrangement shown, the resultant printout information 
establishes a logical pattern for analyzing failures peculiar to DPD and 
SA cir cuitry e 


f. Typical Data Reduction Printout 


TEST NO. 1 TOTAL NUMBER OF ERRORS - 40000 
SWDS YV YU BIT DROP LH PICK DROP RH PICK 
00 2000 2000 2000 2000 S- 0 0 O 0 
ol 2000 2000 2000 2000 1 0 O 0 0 
02 2000 2000 2000 2000 2 0) 0 0 0 
03 2000 2000 2000 2000 3 0 O 0 0 
oh 2000 2000 2000 2000 h 0 6) 9) 0) 

5 2000 2000 2000 2000 5 0 0 0 9) 
06 2000 2000 2000 2000 6 0) 0 0 0 
07 2000 2000 2000 2000 7 0 0 O 0 
10 2000 2000: 2000 2000 8 0 0) 0 0 
rhk 2000 2000 2000 2000 9 0 0 0 0 
12 2000 2000 2000 2000. 10 0 0 0 0 
13 2000 2000 2000 2000 11 9) O 0) ¢) 
14 2000 2000 2000- 2000. 12 0) 0 0 0 
15 2000 2000 2000 2000 13 re) 0 4.0000 0 
16 2000 2000 2000 2000 14 0 0 0 0 
17 2000 2000 2000 2000 15 0) °) O 0 
THEIR HEINE IEEE IEEE ETE HRTEM ITE T MA EET ENTE 
INHIBIT REG 3 O-B O-¢ 10000«D O-A 
INHIBIT REG 2 O-A 0-8 O=-C 10000-D 
INHIBIT REG 1 10000-D O~A U-B 0-C 
INHIBIT REG O 0=C 10000-D OnA 0-8 


1) In this exemple, a 1's test (Test No. 1) has been 
run that produces 40,000 errors. Examination of 
area 1 reveals there: are 2,000 errors indicated 
for each u and-v'selection line. There is nothing 
Significantly different here since the errors are 
common, however, in area 2 there are 40,000 dropped. 
l‘s indicated for digit plane R13 whereas the 
remeining digit plancs. show'ns..artert~ of any kind. | 
In area 3-thevt are 10,000 errors indicated for each 


460 


Core Storage Element 


of the subplanes in sense section D; all other 
sense sections are unaffected. From the foregoing, 
the significant differences are found in both 

area 2 and area 3. Analyzation of this information 
shows that 40,000 1's from digit plane R13 are 
being dropped. Usually this type of trouble is 
associated with tne SA, however, if the SA for 

R13 was inoperative it would be impossible to read 
out any 1's thereby producing 200,000 errors. | 
Area 3 supplies the answer since the Ie is 
further isolated to the four subplanes (10,000 

errors apiece) incorporating the sense section D 
winding. Since a single sense section represents 
one of four inputs to a SA, the most likely diagnosis 
for this malfunction would be a loss of sense 
section D input to the SA for R13. Actually the 
trouble was induced by shorting out the capacitor 
on the sense section D input to the SA for R13. 


2) The common 2,000 error indication noted in area 1 
reflects the mmber of errors counted on the memory 
array Y and X drive lines that are selected by the 
applicable u and v lines. |All the u and v selections 
are ae because the four affected subplanes 
(1, 4, 13, 16) in R13 are in separate locations in 
each of the four inhibit regions, therefore, one 


example should suffice in explaining the 2,000 error count 


for all lines. Consider Yu = 06; this selection drives 
20Y-odd drive lines in subylane 13 (as well as 12, 

11 and 10). Since these Y drives in the affected 
subplane 13 are intersected | ‘by 100 X~drtve lines the 
maximm number of errors 16/2,000 (100 x 20). This 
amount is then reflected on'the applicable selection 
line Yu = 06. 


Ts Straight Line Print 


de 


This option is especially useful when only a few errors. 
are encountered. In order to determine which info 
pattern is being used it is necessary to be familiar with 
the selected test being run. 


Utilizing the Straight Line print in conjunction with 

data reduction can be especially useful in the case where 
there are two shorted drive lines or a weak drive line. 
This is because of the ocquad-address printout which can 

be readily interpreted into the exact X or Y lines effected. 
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C. Data Reduction Printout Analysis 
1. The following examples of induced failure print- 
outs should be analyzed for the failing circuit 


before the analysis portion is read. 


z. The Logic Diagram on Page2900 should be used 
as an aid in analyzing the printouts. 


DATA REDUCTION PRINTOUT, EXAMPLE #1 


Test No. 1 TOTAL NUMBER OF ERRORS - 200000 

SWDS YV YU XV XU BIT DROP LH PICK .DROP RH PICK 

00 10000~ 10000 10000 10000 S- 0 0 0 O 

01 10000 10000 10000 10000 1 +# oO 0 0 oO 

02 10000 10000 10000 10000 2 O 0 . 0 O 

03 10000 10000 10000 10000 3 + O 0 0 O 

04 10000 10000 10000 10000 4 #40 0 0 O 

05 10000 10000 10000 10000 5 oO 0 0 O 

06 10000 10000 10000 10000 6 o0 0 0 O 

07 10000 10000 10000 10000 7 #40 0 0 oO 

10 10000 10000 10000 10000 8 0 0 200000 0 

1] 10000 10000 10000 10000 9 _ O 0 200000 0 

12 10000 10000 10000 10000 10 =O 0 200000 0 

13 10000 10000 10000 10000 11 + «0 0 200000 0 

14 10000 10000 10000 10000 12 0 0 200000 0 

15 10000 10000 10000. 10000 13 O 0 200000 O 

16 10000 10000 10000 10000 14 0 0 200000 0 

17 10000 10000 10000 10000 15 0O 0 200000 O 

2h fe abe aie ac ae afc afc afc ae ae afc abe abe ate af abe akc afc akc afc afc akc ake afc abe ale af afc 2h afc afc ae ale afc afc abe abc ak afc ae afc ake akc afc afc ate afc as af akc ake afc aie ake afc abe afc ake ate ate aie ae afc afc afc abe ake afc afc af akc abe afe ae afc abe aye 
INHIBIT REG 3 10000-B 10000-C 10000-D 10000-A 
INHIBIT REG 2 10000-A 10000-B 10000-C 10000-D 
INHIBIT REG 1 10000-D 10000-A 10000-B 10000-C 
INHIBIT REG 0 10000-C 10000-D 10000-A 10000-B 


Test No. 2 SUCCESS 
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1. Identify the test(s) causing the errors. 

) For this particular malfunction two tests were run; test 1, (1's dis- 
crimination) caused 200,000 errors; whereas test 2 (0's discrimina- 
tion), produced no errors and printed success. 


2. Evaluate the three areas for significant differences. 
Area 1 - uniform errors (each 10,000), not significant 
Area 2 - 200,000 errors for each of the digit planes R8-R15. This is 
significant because it.is not a uniform indication affecting 
all planes. 
Area 3 - uniform errors (each 10,000), not significant. 


3. Interpret the significant indications 
Droppage of 200,000 1's means every location of digit planes 
R8-R15 is affected. 


4. Diagnose the probable trouble 
Usually 200, 000 dropped 1's in a plane indicates a defective SA, _ 
however, since there are eight planes involved, it is unlikely that the 
eight associated SA's are inoperative. A missing sample pulse will 
give the same indication as a bad SA. Since there are eight sample 
times in the 2562 memory, examine the delay taps for the one which 
would affect the subject plane3. Examination revealed the sample 
tap for planes R8-R15 had been removed. | 


Remarks 


The common 10,000 errors in area 1 reflect the number of errors counted on 

the memory array Y and X drive.lines that are selected by the applicable u and 

v lines. For example, consider Yu « 05; this selection drives 20Y-odd drive 
lines through subplanes 7,6,5, and 4. The intersection of these Y drives with 

the 100 X-drive lines in each of the four subplanes results in 2,000 (20 x 100) 
errors per subplane or a total of 10,000 (4 x 2,000) errors for the four subplanes. 
Test number 2 printed success because in a 0's test, 0's cannot be dropped. 
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DATA REDUCTION PRINTOUT, EXAMPLE #2 


TOTAL NUMBER OF ERRORS - 200000 


TEST NO. 2 

SWDS YV YU YV YU BIT DROP LH PICK DROP RH PICK 
00 10000 10000 10000 10000 -~= S- 0 200000 0 0 
01 10000 10000 10000 10000 ] 0 200000 0 0 
02 10000 10000 10000 10000 z  O 200000 0 0 
03 10000 10000 10000 10000 3 0 200000 0 0 
04 10000 10000 10000 10000 4 0 200000 0 0 
05 10000 10000 10000 10000 5 0 200000 0 0 
06 10000 10000 10000 10000 6 0 200000 0 0 
07 10000 10000 10000 10000 7 0 200000 0 0 
10 . 10000 10000 10000 10000 8 0 200000 0 0 
ll 10000 10000 10000 10000 9 0. 200000 0 0 
12 10000 10000 10000 10000 10 0 200000 0 0 
13 10000 10000 10000 10000 ll 0 200000 0 0 
14 10000 10000 10000 10000 12 0 200000 0 0' 
15. 10000 10000 10000 10000 13 0 200000 0 0 
16 10000 10000 10000 10000 14 0 200000 0 0 
17 10000 10000 10000 -10000 15 0 200000 iO 0 


Oke 2h 29 a ah ae ah ae af a ake ah ae ae abe abe 2h ae ake afc 2h af ae 2h afc 2 ae 2c 2s fe abe ake afc ae ae ake 2h afc ae ake aft ape afe abe ae afc ale ale ake af ae ae ake afc afc ake 2h ae abe ale af ae ae ake ah afe fe afc ahs 2h ae 


INHIBIT REG 3 10000-B 10000-C 10000-D 10000-A 
INHIBIT REG 2 10000-A 10000-B 10000-C 10000-D 
INHIBIT REG 1 10000-D 10000-A 10000-B 10000-C 
INHIBIT REG 0 10000-C 10000-D 10000-A 10000-B. 
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1. Identify the test(s) causing the errors 
For this particular malfunction two tests were run; test 1 printed 
success, however, test 2 caused 200,000 errors. 


Zs Evaluate the three areas for significant differences. 

Area 1] - uniform errors (each 10,000), not significant. 

Area 2 - 200,000 errors for each digit plane in the entire left- 
hand word (LHW). This is significant because the right- 
hand work (RHW) is not affected similarly. 

Area 3 - uniform errors (each 10,000), not significant. 


3. Interpret the significant indications. 
The malfunction is detected on a 0's test whereby the entire 200, 000 
locations on each digit plane'in the LHW contain 1's instead of 0's. 


4. Diagnose the probable trouble. | 
Picked bits usually indicates the absence of inhibit current. The 2564 
memory requires four DPD's per plane to ‘generate the inhibit current 
for each of the four inhibit regions, there: ore, for the 16 planes af- 
fected there are 64 DPD's. The DPD's are eliminated as the possible 
cause since the quantity involved, makes it more likely to be a mal- 
function that is common to all of them. Thhis could be either the LHW 
inhibit gate generators or the DPD selection gates, however, since 
there are four each it is unlikely that a group of four would be de- 
fective at the same time. A loss of the set-inhibit- LHW pulse from 
the clock, however, would affect all DPD! ‘election gates. Examination 
revealed that this clock pulse had been rdmoved. 


Remarks “~* 


Refer to remarks for the previous example, mexjoer 1, it is also applicable 
to indication in area 1 here. Test 1] (1's test) printed success because this 
malfunction affects 0's only. 
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DATA REDUCTION PRINTOUT, EXAMPLE 3 


TEST NO. 2 TOTAL NUMBER OF ERRORS - 40000 
SWDS YV YU XV XU BIT DROP LH PICK DROP RH PICK 
00 2000 2000 2000 . oO S- 0 0 QO 0 
01 2000 2000 2000 10000 1 0 0 0 0 
02 2000 2000 2000 0 2 0 0 oO 0 
03 2000 2000 2000 0 3 =O 0 O 0 
04 2000 2000 2000 0 4 0 0 0 0 
05 2000 2000 2000: 10000 5 0 0 O 0 
06 2000 2000 2000 0 6 O 0 0 0 
07 2000 2000 2000 0 7 0 0 oO 0 
10 2000 2000 2000 0 8 O 0 oO 0 
11 2000 2000 2000 10000 9 0 0 oO 0 
12 2000 2000 2000 * 0 10 #O 0 O 0 
13 2000 . 2000 2000 0 11 0 0 oO 0 
14 2000 2000 2000 0 12 #20 0 oO 0 
15 2000 2000 2000 10000 13 O 0 O 0 
16 2000 2000 2000 0 14 #O 0 O 0 
17 2000 2000 2000 0 15 O 40000 0 0 


2B he aah afc afc ae hea af af ale ae ae ae ae ae af ae af af ae ae ah af abe ah ah ae ae afc ae ae afc he ab ake he She ake afe af ah afc afe ae ah 2fe abe af afc afe abe abe ate abe ae ae abe afc afc abe ale afe afc ake afc af afc ake 


INHIBIT REG 3 0-B 0-C 0-D O-A 
INHIBIT REG 2 0-A 0-B 0-C 0-D 
INHIBIT REG 1 10000-D 10000-A 10000-B 10000-C 
INHIBIT REG 0 0-C 0-D 0-A 0-B 
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ANALYSIS 


l Identify the test(s) causing the errors. 
For this malfunction two tests were run; test | printed success, 
however, test Z caused 40, 000 errors. 


2. Evaluate the three areas for significant differences. 

Area 1 - 10,000 errors for Xu = 01, 05, 1] and 15; this is significant 
since all other Xu selections contain no errors. 

Area 2 - 40,000 errors for digit plane L15; this is significant since 
all other planes are errorless. 

Area 3 - 10,000 errors in each subplane of inhibit region 1; this is 
significant because all the other inhibit regions show no 
errors. | 


3: Interpret the significant indications 
The malfunction is detected by a 0's test whereby 40,000 locations on 
digit plane L15 are shown to contain 1's instead of 0's. The significant 
indications in area 1 and area 3 isolate the 40,000 errors on plane L15 
to the four subplanes (each with 10,000 errors) comprising inhibit 
region 1. 


4. Diagnose the probable trouble 
Picked bits usually indicate the absence of inhibit current. Since the 
symptoms are isolated to one inhibit region in one specific digit plane, 
the most likely source of trouble is the applicable DPD. Examination 
revealed that the L15 DPD for inhibit region 1 was defective. 


Remarks 


The Xu = 01, 05, 11 and 15 represent the selection lines for the 100 X-drive lines 
in inhibit region 1, therefore, each reflects the maximum of 10,000 errors. The 
other Xu lines show no errors because they select the X-drive lines in the re. 
maining three inhibit regions which were unaffected. The errors shown for each 
of the Yv, Yu, and Xv represent the intersection of the 20 memory array drive 
lines each selects with the affected 100 X-drive lines in the subplanes of inhibit 
region 1. Asa result there are 2,000 errors (20 x 100) reflected on these lines 
in area 1. | 


\ 
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TEST NO. 
SWDS YV 
00 20 
01 20 
02 20 
03 20 
04 20 
05 20 
06 20 
07 20 
10 20 
ll 20 
12 20 
13 20 
14 20 
15 20 
16 20 
17 20 


] 
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DATA REDUCTION PRINTOUT, EXAMPLE 4 


YU XV 


20 
20 
20 


20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
Z0 
20 


oo oo oocooo0oo0o0o0°nco9d } 


INHIBIT REG 3 


INHIBIT REG 2 


INHIBIT REG 1 


INHIBIT REG 0 


OCQUAD YV YU XV 
OCQUAD YV YU XV 


773 
T72 
771 
770 
763 
762 
761 
760 
753 
752 
75] 
750 
_ 143 
7142 
74) 
740 
733 


411 
411 
411 
411 
411 
41] 
411 
411 
411 
411 
411 
411 
411 
411 
41) 
411 
411 


17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
1? 
17 
17 
17 
17 
17 


16 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


17 
16 
15 
14 
13 
12 
Ml 
10 
07 
06 
05 
04 
03 
02 
01 
00 
17 
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Presentation Notes 


TOTAL NUMBER OF ERRORS - 400 
DROP LH PICK 


DOOCCOOCOC OCC COCO 


0 


000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 


000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 


XU BIT DROP LH PICK 
0 S- 400 0 400 
0 l 400 0 400 
0 2 400 0 400 
0 3 400 0 400 
0 4 400 0 400 
400 5 400 0 400 
0 6 400 0 400 
0 7 400 0 400 
0 8 400 0 400 
0 9 0 0 400 
0 10 400 0 400 
0 1] 400 0 400 
0 12 400 0 400 
0 13 400 0 400 
0 14 400 0 400 
0 15 400 0 - 400 
i Ae He hc 2h ae 2h ah afk ac ae aie a he ale aie 2h afc afc hc ae akc afc 3h afc afc 2c af afc af afk ahs aie akc a afc 2c af afc afc 2k afc ac afc afc akc afc af afc afc afc af ake akc af ale ah afc afc al afc af a afc ae afe ake afc afc afc afc 
0-B 0-C 0-D 0-A 
0-A 0-D 0-C 0-D 
100-D 100-A 100-B 100-C 
0-C 0-D 0-A 0-B 
XU TEST LEFT HAND WORD RIGHT HAND WORD 
XU 
05 1 0000 000 001 000 000 #£=0000 000 000 
05 1 0000 000 001 000 000 £0000 000 000 
05 1 0000 000 001 000 000 £0000 000 000 
05 1 0000 000 001 000 000 £0000 000: 000 
05 1 0000 000 001 000 000 £0000 000 000 
05 1 0000 000 001 000 000 £0000 000 000 
05 1 0000 000 001 000 000 £0000 000 000 
05 1 0000-000 001 000 000 #£0000 000 000 
05 ‘1 0000 000 001 000 000 #£=0000 000 000 
05 1 0000 000 001 000 000 £0000 000 000 
05 1 0000 000 001 000 000 0000 000 000 
05 1 0000 000 001 000 000 #£=0000 000 000 
05 1 0000 000 001 000 000 # £0000 000 000 
05 1 0000 000 001 000 000 # £0000 000 000 
05 1 0000 000 001 000 000 0000 000 000 
05 1 0000 000 001 000 000 #£0000 000 000 
05 1 0000 000 001 000 000 £0000 000 000 
05 1 0000 000 001 000°000 0000 000 000 


732 


41) 


16 


16 10 


000 


000 
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ANALYSIS 


\. Identify the test causing the errors 


Test 1 caused 400 errors as shown in the upper data reduction print. 
The lower. format is a partial straight line print of the same malfunction. 


2: Evaluate the three data reduction areas for significant differences. 


Area 1 - 400 errors each on Xv » 10 and Xu = 05; this is significant 
since all other Xv and Xu lines contain no errors. 


Area 2 - No droppage on digit plane L9; this is significant because the 
other digit planes in both the LHW and RHW show 400 errors. 


Area 3 - 100 errors in each subplane comprising inhibit region 1; this 
is significant because the other inhibit regions are errorless. 


3. Interpret the significant indications 


The manfunction is detected by a 1's test which identifies L9 as the 
source of trouble (area 2). The indications in area 3 serve to show that 
the 400 dropped bits in every plane but L9 are the result of totaling the 
individual 400 dropped errors in each of the four subplanes comprising 
inhibit region 1. Finally, the information in area 1] pinpoints the trouble 
within inhibit region 1] to the drive line selected by Xv = 10 ;and Xu = 05. 
This is ocquad 411, and is confirmed in the straight line print. 


4, Diagnose the probable trouble 


Because of the small number of errors the trouble most likely is isolated 
to the single drive line (411) in digit plane L9. This is due to the fact that 
if any of the allied circuitry failed solidly there would be considerably 
more drive lines affected and consequently mpre errors. Examination 
revealed that the X-drive line (411) was opened by removal of the C shim 
at the input to digit plane L9. 


Remarks 


The 100 errors in each subplane (area 3) is due’to the intersection of 100 Y-drive 
lines with the open X-drive line (100 X1). The 400 errors in area 1 reflect the 
total number. of errors counted along the X-drive line (ocquad 411) in the four 
subplanes (100 X4). The 20( errors for the Yv and Yu lines reflect the error 
count due to the intersection of the 20 drive lines each selects with the open X- 
drive line (20 Xl). The 400 dropped bits in every plane but L9. 


TEST NO. 1 
SWDS YV 
00 40 
01 40 
02 40 
03 40 
04 40 
05 40 
06 40 
07 40 
10 40 
11 40 
12 40 
13. 40 
14 = 40 
15 40 
16 = 40 
17 40 
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DATA REDUCTION PRINTOUT, EXAMPLE 5. 


40 


INHIBIT REG 3 


INHIBIT REG 2 


. INHIBIT REG 1 


INHIBIT REG 0 


TOTAL NUMBER OF ERRORS - 
DROP RH PICK 


1000 


XV XU BIT DROP _ LH PICK 
0 0 s 1000 0 1000 0 
0° 0 l 1000 0 1000 0 
0 0 2. 1000 0 1000 0 
0 0 3 1000 0 1000 Oo 
0 0 4 1000 0 1000 0 
0 0 § 1000 0 1000 0O 
0 400° 6 1000 0 1000 0 
0 0 .7 1000 0 1000 0 
0 0 8 1000 0 1000 0 
0 0 9 1000 0 1000 0 
0 0 10 1000 0 1000 0 
0 0 11 1000 0 1000 0O 
0 0 12 1000 0 1000 0 
0 0 13 - 1000 0 1000 0 
0 400 14 1000 0 1000 0 
1000 0 15 1000 0 1000 0 
2c he he he He dhe Me ae ae Ae afe ah af ae He as ac afc Ie afc af ale she afc aps ape ahs afc afc ah ah ahs hx fe fs dhe ahs fe af afc afc afe ape afc He afe he afe afc afc afc aps ape a} af afc she afc ahs aye aps ape afc ape afc ah ahs he 2} ahs afc afe she 
0-B 0-C 0-D 0-A 
200-A 200-B 200-C 200-D 
0-D 0-A 0-B 0-C 
-0-C _ 0-D 0-A 0-B 
\ 


TEST NO. 2 SUCCESS 


YV YU. XV. XU TEST 


OCQUAD 

773, «772 «217 
773) 772 «(17 
772 «6772 «17 
772 «9752 17 
771) 772 «(17 
771 0 3=9752 17 
770 «6772 «17 
770 0 «=6>752 17 
763 «772 «17 
763 752 17 
762 «=772 «17 
762 «752 17 
761 772 17 
761 752 17 
760 772 17 


17 
17 
16 
16 
15 
15 
14 
14 
13 
13 
12 
12 
11 
1) 
10 


17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
16 
17 
17 
17 
17 


] 


bas fe feet pet fe? fee Pt Of Of et Pet fe le 


LEFT HAND WORD 

000 
000 
000 


0000 
0000 
0000 


0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 


000 
000 


000. 


000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 


000 
000 
000 


000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 


000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 








00 
000 
000 
000 
000 
000 
000 


‘000 


000 
000 
000 
000 
000 
000 
000 


000 
000 
000 
000 
) 000 

000 
000 
000 
9 000 
)\ 000 
0000 \000 
0000 b00 
0000 000 
0000 000 
0000 000 





000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 


000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 


RIGHT HAND WORD 
0000 
0000 
0000 


000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
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ANALYSIS 


Ls Identify the test causing the errors. 
Test 1 caused 1,000 errors as shown in the upper data reduction 
print. The lower format is a partial straight line print of the same 
malfunctions. Test 2 printed success. 


2 Evaluate the three data reduction areas for significant differences 

Area 1 - 400 errors each on Xu = 06 and Xu = 16; this is significant 

| because the other Xu lines contain no errors. 1,000 errors 
on Xv = 17; this is significant because the other Xv lines are 
errorless. 

Area 2 - Uniform errors (1,000 dropped bits) for each digit plane 
are usually indicative of a selection circuit. malfunction 
although for this example the trouble is elsewhere. 

Area 3 - 200 errors in each subplane comprising inhibit region 2; 
this is significant because the other inhibit regions are 
unaffected. 


3% Interpret the significant indications 
In area 1 the combination of Xv = 17 and Xu = 16 selects X-drive 
752 (ocquad); and the combination of XV = 17 and Xu = 16 selects X-drive | 
line 772 (ocquad). These lines represent two X-odd drive lines that feed 
each of the four subplanes in inhibit region 2 for all of the digit planes. 
The 200 error indications in area 3 confirm the fact that there are two 
lines involved (100 errors per line). The straight line print further 
identifies the two affected drive lines as being 772 and 752. 


4, Diagnose the probable trouble 
The malfunction cannot be due to a solid selection circuit defect because 
such a deficiency would normally affect a minimum of 20 drive lines. 
Since two drives represented by 752 and 772 are physically adjacent to 
each other it is likely that the lines are shorted together, which was 
found to be the actual malfunction. 


Remarks 


Since Xv = 17 is common to both Xu line selections, if reflects the total of the 
individual 400 error counts indicated for these ‘lines, that is, 1,000 (400 x 2). 
The other error counts are double those found in example number 4 because 
they represent the involvement of two lines instead of one. 
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DATA REDUCTION PRINTOUT, EXAMPLE #6 


TEST NO: 1 TOTAL NUMBER OF ERRORS - 10000 


SWDS YV YU. XV XU BIT. DROP LH PICK DROP RH PICK 


00 400 400 400 100000 Ss 10000 0 10000 0 
01 400 400 400 0 1 10000 0) 10000 0 
02 400 400 400 0 2 10000 0 10000 0 
03 400 400 400 0 3 10000 0 10000 0 
04 400 400 400 0 4 10000 0 10000 0 
05 400 400 400 0 5 10000 0 10000 0. 
06 400 400 400 0 6 10000 0 10000 0 
07 400 400 -400 0 7 10000 0 10000 0 
10 400 400 400 0 8 10000 0 10000 0 
11 400 400 400 0 9 10000 0 10000 0 
12 400 400 400 0 10 10000 0 10000 0 
13 400 - 400 400 011 10000 0 10000 0 
14 400 400 400 0 12 10000 0 10000 0 
15 400 400 400 0 13 10000 0 10000 0 
16 400 400 400 0 14 10000 Q' 10000 0 
17 400 400 400 0 15 10000 0 10000 0 
He afc ae she dhe af fe afc ahe dh dhe afe she afe rhe afc He he afe dhe dhe rhe ahe dhe af dhe afc afc afc ake dhe ah afc afc afc Hho he dhe dhe rhe af dhe afc afc afe afc fe af he afc ahe afc hc df ae ic afc dhe dhe dhe she dhe Be afc she dhe afc aie afe ahs dhe 
INHIBIT REG 3 0-B 0-C 0-D 0-A 
INHIBIT REG 2 0-A 0-B 0-C. 0-A 
INHIBIT REG 1 0-D 0-A 0-B 0-C 
INHIBIT REG 0 2000-C 2000-D 2000-A 2000-B 


TEST NO. 2 SUCCESS 
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ANALYSIS 


l, Identify the test causing the errors 
Test 1 caused 10,000 errors. Test 2 printed success 


2. Evaluate the three data reduction areas for significant differences 


Area 1 - 10,000 errors for Xu = 00; this is significant because the 
remaining Xu lines contain no errors. 


Area 2 - Uniform 10,000 errors for each digit plane is usually indi- 
cative of a selection circuit malfunction. 


Area 3 - 2000 errors in each subplane comprising inhibit region 0; 
this is significant because the other inhibit regions are unaffected. 


3. Interpret the significant indications. 


The malfunction is detected by a l's test whereby 10,000 locations 

_in each of the digit planes contain 01s instead of 1's, The latter type 
of common error indications implies trouble in the selection circuitry. 
A check of the selection circuit results obtained in area 1 highlights 
the fact that the malfunction may be associated with the highly signi- 
ficant indication for selection line Xu = 00. If this selection was unavail- 
able 20 x-drive lines in the memory array would be affected. Since these 
drives are fed to the four subplanes of inhibit region 0 for each of the 
digit planes, there would be an error produced for each intersection 
with 100-Y-drive lines for a total of 2,000 (100 x 20).per subplane or 
10,000 (2,000 x 4) for four subplanes in-the same inhibit region. This 
reaeoning is confirmed by the results obtained in area 3. | 


4. Diagnose the probable trouble 


The selection circuitry consists of the tape core matrix, the SWD's the 
IA's and the MAR. Starting with the tape core matrix and working back- 
wards the malfunction can be due to an open winding for Xu + 00, however, 
this is not as likely as a defective PU in the other circuitry, which merits 
first consideration. Since the SWD (Xu = 00) feeds the tape core matrix, 
it should be;investigated next. Substitution of this unit corrected the 
malfunction. 


Remarks 


The 400 errors for the sélection lines in area 1 reflect the errors counted on. 
the respective drive lines in the memory array, that is, each selection accounts 
for 20 lines which are affected by the 20 lines due to the defective SWD, hence 
400 errors result (20 x 20). 
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ANALYSIS 
Identify the test causing the errors 
Test 1 caused 70,000 errors, Test 2 printed success 
Evaluate the three data reduction areas for significant differences 


Areal - 10,000 errors each for Xv = 04,05, 06,07, 14,15, and 16; 
this is significant because the remaining Xv selections are unaffected. 


Area 2- Uniform errors (70,000 dropped bits) for each digit plane is 
usually indicative of a selection circuit malfunction. 


Area 3 - Uniform errors (each 3,400), not significant 
Interpret the significant indications 


The malfunction is detected by a 1's test whereby 70,000 locations in 
each of the digit planes contain 0's instead of 1's. This implies trouble 
in the selection circuitry which, if it exists, should be apparent by 
analyzing area 1. The one important thing that may be construed as a 
pattern in area 1 is the 10,000 errors groupings consisting of Xv = 04, 
05, 06, and 07; and of Xv - 14, 15 and 16. Taken indivually each of these 
selections, if unavailable, would affect four X-drive lines in each of the 
four inhibit regions (for a total of 20 (4 x 4) X-drive lines). The inter- 
section of these four lines in any of the inhibit regions with the 100 Y- 
drives would produce 400 (4 x 100) errors in each subplane will be 3, 400 
(7 x 400). This latter quantity is confirmed by the results obtained on 
area 3. The total number of errors per digit plane is the sum of all 20 
subplanes or 70,000 (3400 x 20) shown in area 2. 


Diagnose the probable trouble 


The predominant clues are the Xv groupings. The logical approach is 

to examine the selection circuitry that is common to these groupings. 
Starting with the tape core matrix, eliminates it as a possible source. 

Next the SWD PU groupings are examined and none:correspond. There 

is an IA PU, however, that generates the grouping Xv = 04, 05, 06 and 

07, and another IA PU that comes close with Xv = 14,15, 16 and 17. Since 
it is apparent that-at least two PU's are involved, it is not likely that 

both will be defective at the same time and moreover the second PU doesn't 
entirely satisfy the condition observed since Xv = 17 produced no errors. 
The input to the IA's is next examined, this is the diode matrix decoder, 
see figure 4-4. It is found that the 0-side of the R9 flip-flop is common to 
the Xv grouping affected, however, it includes Xv = 17 which is not affected 
The latter condition can occur if the diode connecting the R9 flip-flop to line 
to line 17 was shorted since this would permit proper selection of Xv = 17 
but not the other lines. Examination revealed that this diode was shorted. 


TEST NO. 1 
SWDS YV 

00 3400 
01 3400 
02 3400 
03 3400 
04 3400 
05 3400 
06 3400 
07 3400 
10 3400 
ll 3400 
12 3400 
13 3400 
14 3400 
15 3400 
16 3400 
17 3400 


DATA REDUCTION PRINTOUT, EXAMPLE #7 


YU 


3400 


-3400 


3400 
3400 
3400 
3400 
3400 
3400 
3400 
3400 
3400 
3400 
3400 
3400 
3400 
3400 
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TOTAL NUMBER OF ERRORS - 70000 


C0000 CCOCOOOoOOCOCOCC CO 


RE00 


DROP RH PICK 


246 2c 2c afc 29 2c akc 2h afc ae 2c ae age akc age 2h fe age 2c age age ake fe ale afc afc 2 ake af ake fe ate afc akc afc afc ake 2h 2c ak af 2h ake afc afc 2h afc ake age 2p afc 2fe 2h akc ae afc 3Ac afc he 2he af 2fe he afc ale ae ade 24e ak afe ake afc age afc 


INHIBIT REG 3 


INHIBIT REG 2 


INHIBIT REG 1; 


INHIBIT REG 0 


TEST NO. 2 SUCCESS 


XU XU BIT DROP LH PICK 
0 3400 S- 70000 0 70000 
© 3400 1- #70000 0 70000 
0 3400 2- #70000 0 70000 
0 3400 3- 70000 0 70000 
10000 3400 4 70000 0 70000 
10000 3400 5 70000 0 70000 
10000 3400. 6 70000 0 70000. 
10000 3400 7 70000 0 70000 
0 3400 8 70000 0 70000 
0 3400 9 70000 0 70000 
0 3400 10 70000 .0 70000 
0 3400 11 70000 0 70000 
10000 3400 12 70000 0 70000 
10000 3400 13 70000 0 70000 
10000 3400 14 70000 0 70000 
0 3400 15 70000 0 70000 
3400-B 3400-C 3400-D 3400-A 
3400-A 3400-B 3400-C 3400-D 
3400-D 3400-A 3400-B 3400-C 
3400-C 3400-D 3400-A 3400-B 
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XXII. 256° Memory Timing Procedure 


Ae 


General 


1. A memory, once tuned, should not be retuned unless all 
other efforts fail to establish what caused the detuning 
of the memory, 


2. ## Tuning is used to peak performance from the Memory. ‘The 
biggest problem encountered in tuning is that all troubles 
have not been cleared from the Memory. There is no 
guaranteed method of eliminating all troubles, but one 
good approach is to scope all non adjustable circuits to 
be sure their outputs are correct. The waveform checks 
may be taken care of by P. M. but it is still necessary — 
to check before ‘tuning. The necessity for this has been 
proven time and again. The following are examples of 
inadequate treubleshooting: 


@. Open sense winding. One half of the sense winding 
"D" for L-14 was open causing picked bits. This 
trouble was "tuned out" but kept re=occurring until 
finally through extensive troubleshooting it was found.' 


b. MAR cathode with very slow rise time (negative 
transition) was tuned out. 


c. Defective SWDs, CRs, DPDs and HFNs have also been tuned 
away. It should be obvious from the preceeding that.;:a 
man can, using the 171 adjustments available, tune 
away almost any trouble. It is not possible to stress 
too strongly the idea of making sure the machine is in 
good condition before tweaking or tuning.. 


3. The tuning procedure given here is designed to prevent as 
much as possible "tuning out" troybles. A great number of 
methods have been employed to date but none of them specified 
particular settings for the circuits. This procedure specifies 
absolute settings for all but 35 of the 171 adjustable circuits 
in the memory. We know that if this method does not work there 
is a defective component in the memory. 


4. In this procedure the BFNs, CRs and DPDs are set to predetermined 
values. Slight adjustments are made to the SAs and V CRs only. 
If proper margins cannot be obtained, then the troubles in the 
memory should be found. . 


6. Throughout the core memory tuning procedure reference will be 
made to the test equipment required for the specific memory 
edjiustment under discussion. The requirements will vary de- 
pending on the test performed, however, they will include one 
or more pleces of test gear. In order to eliminate any undue 
delays in obtaining equipment while in the process of tuning 


&620 
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the memory, it is recommended that the following test 
equipment and accessories be provided before a memory 
tune is initiated: 


a. Oscilloscope - Tektronix 545 3034735 or S41. 


be It may be desirable to have an extension cord for 
the scope. Oscilloscope Plug-In-Unit Preamplifier - 
Tektronix 53/54G (3034757). 


Ce. Graticule (3033583). 
d. Differential Voltmeter-Fluke 801 (3033786). 


e. X1O Oscilloscope Probes (2 required) ~ Tektronix 510A 
(3033788) equipped with alligator clip and regular hook 
tips. If available, the Hewlett Packard probes (311688)) 
may be substituted for the Tektronix type. These probes 
must be equipped with ground jumpers. 


f. Test leads - (2 required) equipped with alligator clips 
for use with the differential voltmeter. Lead types 
3116503 and 3116504 may be used. 


&e § Jumper lead to be constructed by site personnel. Dimension 
is 6-inches, equipped with alligator clips on both ends. 


‘he Sync lead for oscilloscope (at least 12-feet long) - to 


be constructed by site personnel using coaxial cable and 
X10 probe body. | 


1.  Hood-Tektronix H510 (3033343). 


je Long screwdrivers (2required) - one equipped with a very 
narrow blade. 


k. Head set for commmication with the maintenance console, 


1. Wrench to "snug up" pot locking nitts. 


B. Check and Adjustment of BFNs 


i. 


26o 


This check must be made initially to insure that the tape 
cores are receiving the proper bias current. It is a critical 
test and must be made under static conditions, that is, 
without a program running. . In addition, it should not be 
attempted unless the memory has been operative for a minimm 
period of 60 minutes. 


The BFN check consists of measuring the voltage drop that 
occurs due to the tape core bias current flowing through a l 
ohm test resistor. This voltage is dvailable across test-point 
pins for each of the BFNs: 


36 
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a. X EEN 65ABBL21 and L25 
Y BEN 65ABBL29 and L25 
NOTE 


65ABBL25 is a common ground connection for both 
BFNs. The BFNs are located as follows: 


65AAA x 
65ACC Y 


The adjustment is in the V4 position of each P. U. 
Make sure that BFN P.U. latches are properly adjusted. 


The voltage obtained across the test resistor is to be kv 4 
eO1V. If the measured value differs from 4.0V f -O1V, the 
BFN mist be adjusted to comly. — 


To perform the BFN check, and adjustment, if necessary, 
requires the highly accurate differential voltmeter, P/N 
3033786. The only tool needed is a long narrow-blade type 
screwdriver for making bias adjustments. Ensure that the 
differential voltmeter has been on for at least 30 mimtes 
and proceed to calibrate it as follows: 


Calibration check of the differential voltmeter should be 
done by the man who will make all meter readings: 


a. Connect the test leads to-the # and - terminal posts. 


be Turn the NULL control knob until the designation VIVM 
is displayed in the window. 


c. Place the VOLTS RANGE switch in the CAL position. 
d. Turp the controls designated A, B, C, D and E until 


a O appears in each of the respective windows. 


e. Short the test leads together throughout the cali- 
bration check. 


f. Depress the CAL PUSH kmob and at the same time adjust 
the ADJ CAL control until the meter pointer is 
exactly on 0. 


&- Set the VOLTS RANGE switch to 5, and ensure that the 
NULL control is still set to VIVM. 


h. Adjust the variable control designated ZERO until the 
meter pointer is exactly on 0. There are two ZERO 
controls, adjust the one labeled VIVM-lOV-l1V. 


£630 


a 


Je 
ke 


le 


2640 


Core Storage Element 


‘Pan the NULL control to display the designation 10V 
in the window and repeat step 8. 


Ton the NULL control to display 1V and repeat step 8. 
Turn the NULL contrel to display, 1V and adjust the 
ZERO control (labeled .1V - .O1V) until the meter 
pointer is exactly on 0. 


Set the NULL control to VIVM. 


Measurement of BFN voltage for the X BFN 


Ge 


De 


Ce 


de 


Ce 


The setting for the front panel controls should be: 


VOLTS RANGE 5 
NULL VIVM 
A mn 
B, C, D, E 0 


Connect the voltmeter leads for the X HFN as follows; 


Negative Lead § 65ABBIL21 Negative Voltage Terminal 
Pesitive Lead 65ABBL25 Ground 


NOTE 


If the leads are properly connected, 
the meter needle will deflect te the 


right. 


The voltmeter should be positioned so that the man 
making adjustments also reads the meter. 


Set the NULL control to the 10V setting and observe 
the meter. If the meter deflects from the 0, it is 
necessary to adjust the potentiometer on the front 
panel of the HFN pluggable unit for a O meter reading. 
Sug up the pot locking nut before adjusting. 


NOTE 


The BFN reacts slowly to any 
adjustment; this should be taken 
into consideration when making 


any type of adjustment. 


Increase the sensitivity of the voltmeter by setting 
the NULL control to 1V. If the meter deflects off 0, 
readjust the BFN again for a meter reading of 0. 


A650 
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f. For a final check, increase the voltmeter sensitivity 
to the 0.1V NULL range. If the meter deflects off 0, 
readjust the HFN for a meter reading of 0. This is 
the final setting. Do not use the .Ol1V range because 
the increased sensitivity only produces erratic 
operation with inconclusive results. 


G- Set the Voltmeter to the NULL VIVM range. 


he. Move the Positive Voltmeter lead to 65ABBL29 and 
repeat steps 3 thru 7. 


Check and Adjustment of DPDs 


Le 


20 


36 


This check consists of measuring and adjusting, if necessary, 
inhibit current. All 132 DPDs will be set to this value. 
This procedure is written for L15. ‘The entire check pro- 
cedure accorded bit L1L5 is then repeated for each of the 
other 32-bits in the data word. 


The inhibit currents are scoped at the DPD terminating 
resistors located on panels B and D. 


Scope Set Up for DPD Check. 


a. Set Square Calibrator to dial to 100v. Set the VOLTS/ 
CM dials to 1. Tune both A and B probes for perfect 
Square wave. Adjust Diff Balance by plugging both 
probes into the CAL OUT jack adjust triggering 
STABILITY for a free running sweep. Adjust DIFF BAL 
control for the narrowest line possible. Plug only 
the A probe into the CAL OUT jack and reduce output 
to 50v. Adjust the VARIABLE VOLTS/CM knob to deflect 
@& square wave across exactly 38 on the special graticule. 


be Remember that the smallest 4 divisions at top and bottom 
of the graticule are 1 mm each and total graduation top 
to bottom is 42 m. After obtaining this adjustment 
do not change setting of VARIABLE VOLTS/CM dial. With 
controls thus adjusted the correct DPD waveform of 54V 
will cover 41 mm as indicated. Note that a set up error 
of 1 mm would cause all DPDs to be adjusted out of 
Specs. (1 mm * 1.3V.) 


ce Depress the L7 of the B Switches. This routine reads 
1's from the I/O Register. Under these conditions inhibit 
current will not be generated, therefore, it.is necessary 
to compensate for this condtion by shorting out the 
applicable SA input for each bit under test to simulate 
the writing of 0's. ‘This is best accomplished by jwnpering 
across the 820 uutd capacitor in the sense section "A" 
input, using the 6-inch jumper lead. Connect the jumper 
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to back panel pins 1 and 3 on the resistor board 
that is applicable to the particular bit under test. 
f 


Using the calibrated oscilloscope and probes, set the 
TRIGGER SLOPE to EXT / and connect the TRIGGER INPUT 
sync lead to 65AJAl or 67AGF2 (start memory pulse). 
(67AU29. ) 


Set the preamp Input Selector switch to A-B on the DC side. 


- Connect the INPUT A probe to 66BAT (DPD terminating 


resistor test point for L15 inhibit region 0), and the 
INPUT B probe to 66BAW1 (common ground return). 


Short out the SA Input for L15 65EGU1 and U3. 


Set the TIME/CM sweep controls to 2 usec/om, and use the 
TRIGGERING LEVEL control to sync in the inhibit current 
waveform. When it is in sync, turn the 5X MAGNIFIER to ON. 
The observed waveform should be similar to that illustrated. 


Sweep time is equal to 0.4 usec/an. | 


If the observed waveform does not occupy exactly 41 mm of 
deflection, the inhibit region O adjustment on the DPD 
located at 65CJ should be adjusted. With this requirement 
satisfied, measure the rise and fall times for conformance 
within the limits provided in Figure 1. If proper amplitude 
cannot be obtained, or if the rise and fall time measurements 
are out of limits, the affected DFD' phowld be replaced. 


NOE 
If the rise and fall times are incorrect for all the inhibit 
currents within one of the inhibit regions, the trouble is 
not in the individual DPDs but rather in the inhibit gate 
generator for that particular inhibit region. 


Remove the INPUT A probe and reconnect it to 66BA3T (DPD 
terminating resistor test point for 115 inhibit region 1), 
the INPUT B probes remains at the ground return point. Repeat 


Btep 9. | 


Remove the INPUT A probe and reconnect it to 66BA2T (DPD 
terminating resistor test point for L15 inhibit region 1), 
the INPUT B probes remains at the ground return point. 
Repeat step 9. 
Remove the INPUT A probe and reconnect it to 66BALT (DPD 
terminating resistor test point for L15 ‘inhibit region 3), 
the INPUT B probe remains at the ground retwmn point. Repeat 
step 9. 


Remove the short from the SA input for L15. 
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14. Repeat steps 6 through 13 for each of the remaining bits in 
‘the left half-word, moving the INPUT A probe to the 
applicable DPD terminating resistor test points... 
In each case ensure that the applicable SA 
input is shorted out for the individual bit under test. 


15. Repeat steps 6 through 13 for each bit, RS through R15, 
in the right half-word, moving the INPUT A probe to the appli- 
cable DPD terminating resistor test points « 
For the right half-word, the INPUT B probe should be 
conuected to 66DAW1, In each case ensure that the applicable 
SA input is shorted out for the individual bit under test. 


16. Upon completion of all DPD adjustments be sure to remove 
the SA shorting jumpers. 


D. Check and Adjustment of CRs. 
1. Scope Sétup for CR Adjustments. 


ae The scope should be plugged in so that modules 67D 
and 65B can be reached without charging the line cord. 
Allow a 10 minute warm-up period for scope to stabilize. 
The 53/54G preamp, to be used on all memory circuits, 
has two front panel screwdriver adjustments “which should 
now be checked. 


_ de Differential Balance 


First, individually tune both probes (6 ft. #3033788) 
to a perfect square-wave from the CAL OUT jack. Then 
connect both the input A and B probes to the CAL OUT 
jack. Select inputs A-B on DC and set both VOLTS/CM 
dials to .2c. Adjust SQUARE-AVE CALIBRATOR dials to 
obtain 50 volts output. Turn the STABILITY CONTROL 
clockwise so that the sweep will be visible. ‘The 
sweep should be a single straight line, the two inputs 
exactly cancelling each other. Adjust the DIFF BAL 
screwdriver adjustment until tae line ie straightened. 


ce DC Balance 


After the probes have been tuned and the DIFF BAL adjusted, 
carefully adjust the DC BAL control so that no vertical 
shift of the trace is observed when rotating the VARIABLE 
VOLTS/CM dial. While making this adjustment, the trace 
should be free running with no input to the preamp. __ 


d. The next step is to adjust vertical sensitivity as follows: 
Reduce SQUARE-WAVE CALIBRATOR owtput to 10 volts. Attach 
INPUT A probe to CAL OUT jack. Adjust VARIABLE VOLTS/CM 
knob to deflect square-wave across 40 mm (4CM). 
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NOTE 
After obtaining this adjustment do not change 
setting of the VARIABLE VOLTS/CM, focus or 
astigmatism knobs. The scope is now ready 
for use. 


With the Big Memory 1A program previously loaded, set 
up as follows: 


ae "A" Switches ~- BPX 200,000 
b. "B" Switches += 0.42000 1.73546 
c. ‘TEST MEMORY ~ Assigned 
dad. Start from test memory 
NOTE; This selected address in the right "B" switches 
will result in leas ringing across each of the CR 
test points, permitting improved accuracy of amplitude 
and rise time measurements. | 
Scope Points 
NOTE; The probes should be equipped with insulated 
aligator clips for attaching to test points 
located on resistor boards, 
Terminals are as follows: 
XV Input A probe to 65BGU16 


Input B probe to 65BdU12 


xu Input A probe to 65BJU16 
Tnyart B probe to 65BJU12 
XV Input A probe to 67DGU16 
Input B probe to 67DGU12 
YU Input A probe to 67DJU16 


Input B probe to 67DJU12 
CR AMPLITUDE ADJUSTMENT : 


a. The amplitude of all four CRs should now be Refer to Pages 2800 
adjusted. and 2820 


b. Center the fine amplitude adjustment (V3) and obtain 
approximate desired adjustments using the course pot. 
(V1 position. ). 
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5, Fast Margins 


a. Preliminary adjustménts having now been completed. Run 
fast margins on the’ CRs. Set up is as follows: 


NOTE 


Big Mem 1A must have been previously loaded into 
memory according to the program write-up. 


MC System CALC Mode 

"A" Switches BPX 200,000 

"'B'' Switche s Depress Ll, L13, & L15 
Tune MC CR's only 

Sense Switches #1 Active 

Test Memory Assigned 


Start from Test Memory 


b. The first failing address for each excursion will be 
included in the printout. . Be aware of the fact that 
many more addresses are probably failing and bits may 
not be significant. 


6. Margin Analysis 


a. Upon completing fast margins examine the printout to 
determine if an unbalance exists in the CR margins. 
It is expected that in some cases the memory will fail 
at 0 volts in one direction but have a high margin in 
the opposite direction. As atypical example, assume 

q the failing CR margins to be 450 and -10. This unbalance 
. in the positive direction normally indicates that read 

current is low. A positive margin increases CR output 
and thus, read current. Always chAnge current in the 
direction of the biggest margin. 


7. Read Current Adjustment 


a. Only the V CR's should be adjusted. Using the R/W 
CURRENT ADJ. 3 ADR (L1 and L6 of "'B'' SW.) routine of 
Big Memory 1A, adjust both XV and YV in the same dir- 
ection, by the same amount. Observe X and Y read 
current respectively while making this adjustment. The 
terminals for observing read current on the array are as 
follows: 


X - ADR 30 66BPP8D 
Y-ADR07 66APP1D 
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Normally, a 1 volt change is sufficient, however, if 
extreme unbalance exists, a 2 volt change in read 
current amplitude can be made. To accurately 
monitor this adjustment, set up scope as follows: 


1) Adjust square wave calibrator to obtain 20 V. 
output. Connect probe A to CAL OUT jack. 
Adjust the VARIABLE VOLTS/CM knob to deflect 
square wave across 40 MM. Switch to external 
sync, start memory. Attach probe B to bottom 
ground connection on suitcase and probe A to 
read current terminal on suitcase. Read on 
A~B DC. Using vertical position and horizontal 
controls, position top of read waveform in 
center of graticule on 2 CM line. Each 
vertical minor scale division (2MM) will now 
equal 1 volt. 


2) Following this adjustment repeat the fast 
mergins tuning routine, this time including 
the 490 B3 SA line (L1 and L13 of "B" switches). 
Refer to printout and first consider the results 
of the CR margin. If the spread between the 
absolute value of the positive and negative failing 
excursion is more than 15 volts, readjust the X 
and Y V CR's in the direction indicated. 


EXAMPLE: #50 = 30 


The spread in this case is 20 V (50-30 = 20). 
Read current mist be increased slightly to reduce 
this spread. 


3) Remember, if unbalance is in the positive direction, 
increase read current, or if the negative excursion 
is the lergest, decrease read current. <A very small 
change in read current will have a large effect on 
margins. ALWAYS DDSCONNECT ALL SCOPE LEADS FROM 
FRAME FOLLOWING EACH ADJUSTMENT. 


8. Printout Analysis 


Be 


At this time it might be well to stop and consider just 
what is being accomplished. For instance it is possible 
that one or two sense amps may now be restricting the CR 
margin, or, the CRs are still out of adjustment. This can 
be determined by analyuing the single line printout that 
occurred with each failing excursion. If in all cases, 
the bit failures are random, the CRs require further 
adjustment. But, if three or fewer bits are consistently 
holding the CR margin down in the weakest direction, 

then these SAs require adjustment. 
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E. Sense Amplifier Adjustment 


1. 


2 


When satisfied that the V CRs are near the desired setting, 
on the basis of the preceding analysis, go to the SA "Beep" 
routine of Big Mem 1A. Set up is as follows: 

MC System - Manual Mode 

"A" Switches - BPX 200,000 

"B" Switches ~ Depress Ll and L9 (zeros) 
Test Memory = Assigned 


Start from Test Memory 


Apply a -34 volt excursion to /90B3. By adjusting the volume’ 
of the computer speaker, an audible indication of bit failures 
can be obtained. If the "A" switches are cleared, or contain 
BPX 200,000 all bits will be checked and failing bits displayed 
in the live test register. If desired, bits may be tested one 
at a time by clearing the "A" switches and then depressing the 
corresponding toggle switch. 


&@e Several methods of utilizing the audible beep have been 
investigated. The following procedure is considered to 
be most practical. From frame 12, dial the computer 
speaker and connect headphones to jack provided on the 
back of frame 12. ‘The man on the console should dial 
the same mumber so that he is in direct contact with 
the man out on the floor making adjustments. The beep 
level allows normal voice commnications. ‘The man on the 
console should clear the "A" switches to observe all 
failures and then lock on the left most failing bit by 
depressing the corresponding "A" switch. ‘The operator 
equipped with headphones can then use the beep to guide 
him in properly adjusting the individual SA clipping 
level. The SAs are located as follows:' 


LHW - P thru L15 - 65ECC thru 65EJ respectively 
RHW - RS thru R15 = 67ACC thru 67 AK respectively 


If necessary, refer to the PU layout card to make 

sure that you are adjusting the desired SA. Do not 
over adjust or these same bits will then fail with a 
positive excursion. The desired position of this 
adjustment is that point at which the beep just 

stops. The smallest increment of angular rotation 

to stop the beep is required. Alternately lock on 
and adjust each of the failing bits until all failures 
are cleared with the -34 volt excursion applied. 
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Depress L10 and clear L9 of the "B" switches and 
apply a #25 volt excursion to the /90B3 Line. 

This is the SA beep test for ones routine. Repeat 
above procedure, alternately locking on and 
adjusting each bit wtil all fatlures have cleared. 
Then recheck the -34 volt excursion (with L9 of 

the "B" sw.) to see if any SAs were adjusted too far. 


Parity Rowbine 


For adjusting the parity bit, a separate tuning 
routine of Big Mem 1A is used. Both ones and 
zeros are combined into one test. Depress Lill and 
clear L9 of the "B" switches. Alternately apply 
a ~34 and 425 volt excursion to the /90B3 line and 


adjust as required. 


Failure Margins 
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After the sense amps have been adjusted, select 
the CR and SA margin cards from the deck to rm 
automatic failure margins on these lines. These 
can be determined from MC card indent muonber. 
Refer to the program write-up. Set up the machine 
as follows: 


MC System = CALC Mode 
"A" Switches - BPX 200,000 
"B" Switches - Set I8 e 1 


Gest Memory =< Assigned 


Sense Switches ~- 1, 2, 3 and 4 active 


Place the 4+ selected MC word cards in the card 
reader hopper, ready I/O units, reset flip flops 
end start from test memory. 


It will again be necessary to analyze the printouts 


to determine if a few SAs are limiting the CR margin 


or if read current requires further adjustment. 

As a general rule if 3 or fewer bits are restricting 
the margin, adjust the SAs but if more than 3 bits, 
adjust the VCRs. Remember changes in read current 
will be made by adjusting the VCRs only. The UCRs 
were set up to 9.8 volt and mst. remain there. 


The marginal balance of the CRs shall be considered 
complete when the positive failing excursion is one 
increment greater than the negative failing excursion. 
Try for #40. and -35 which should be possible in all 
Cases. 
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5. Fine Timing 


de 


d. 


Precise adjustment of the clipping level of each 

SA is required to obtain adequate CR and SA margins. 
The beep test, as previously used, will permit fairly 
close adjustment. But, to obtain a fine twme, 
analysis of the data reduction printouts and 
variations of the beep margin are required. This 

is due to the fact that ones and zeros discrimination, 
used by the beep routine are not as difficult as most 
of the longer tests. Ordinarily the more: complex 
tests will fail with a considerably lower margin. It 
is possible to fail on the "beat" test (4 or 5) at £16 
volts and ones discrimination to run at safe limits (#25). 


As we are rastricted by the /25 volt safe limits, the 
most practical way to obtain the required "fine time" 
is to shift the beep margin. If a bit is failing 
below the desired 425 volt margin (using the entire 
program) go to the zeros beep routine (Ll and L9 of 
"B" sw.) and detexmine the point of failure in the 
negative direction. Then decrease this manual margin 
by approximately 5 volts and adjust the SA so that 
failure will occur at anytoing greater than, but will 
run at, the applied margin. As an example, if the 
bit is found to fail at -4OV, decrease margin to -35 
or -36 volts and readjust at that point. Care should 
be exercised as this is a delicate adjustment. S 


If a bit fails to make the -25V program margin 
approximately 5 volts in the negative direction. 


To determine the results of each adjustment, select 
the failing test routine and, using data reduction, 
(SS #2) apply a manual margin equal to the automatic 
margin that failed. ‘he failing test mumber was 
contained in the previous failure margins printout. 
This should only be used to see if margin is shifted 
sufficiently to allow this test to run. Always follow 
with automatic failure margins. 


If unable to obtain the desired adjustment of a 
specific sense amplifier (insufficient margins) 
check each of the 4+ DPD's for that bit. 


NOTE 


Accurately set up scope and also compare with nearby 
bits. If results are 3till negative, try replacing 
the sense amp. The ture of memory should be considered 
complete when the /90 B3 margin is 425 volts with the 
~150 C1234 line at #40 ond -35 volts. Note that these 
are desired margins and because of variations between. 
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memories, margins somewhat better or worse might 
be obtained. 


F. JA Scoping Procedure 
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The IA (Input Amplifier) output is -150V to -240V. ‘These 
levels are maintained prima?tily by diodes in a feedback 
end clamping circuit. When these diodes go bad one of 
the levels change. The condition of the 5998 tube in 
the output stage also affects these levels. If the ~150V 
level goes to approximately -50 the result is excessive 
drive current on the lines selected by the IA. This 
gives erratic failures usually traceable thru printout analysis 
to the bad circuit. The number of failures may not be 
great although it is significant. If the -240V level 
goes more positive, it tends to allow the associated 
switch driver (swo) to go into partial conduction. 

This means that the SWD steals current from the selected 
circuit. If only one IA is bad, the printout will show 
the failure by the least mumber of errors. If more than 
one IA is bad, it will not be possible to find it with 

a printout. | 


Scope Set Up 

Set SQUARE-WAVE CALIBRATOR to obtain 1OOV square-wave output. 
Attach INPUT A probe to Cal Out jack. 

Select input A on DC and set VOLMS/CM dial to 2. 

Using horizontal sweep and vertical position controls, 
display several cycles of top of the square-wave across 

the center of the graticule. 

Mme probe to obtain "flat topped" square-wave. 


Adjust vertical position and VARIABLE VOLTS/CM controls to 
deflect square-wave across 40 MM (4CM) as indicated in 


Figure le e 

Attach INPUT A probe to the -150V supply line at the IA 
module. With the brace free-running adjust vertical position 
control only, to position trace on top OM line of gratioule. 
The scope is now calibrated and ready for use. 

PROGRAM SET-UP 

a. "A" Switches - BPX 200,000 


b. "B" Switches ~ Depress Ll and L} 
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co Test Memory ~ Assigned 
d. Start from test memory. 


Ae This tuning routine stores "one" bits in a series of 
locations so that every IA is pulsed once per loop. 


5. ‘The scope points are Bl, Cl, Gl and Hl of each JA 
Pluggable unit. The IAs are located as faLlows: 


65BK, Bl, BM and BN 
65BP, BR, BS and BY 
67DK, DL, DM and DN 
. 67DP, DR, DS and DI 


aaen 


6. Use external sync, start memory. The specifications on the 
IA output are as follows: 


UPPER LEVEL - /2 or -5V with respect to -150V supply 
LOWER LEVEL - -2hov ¢10v_ 


7» Failure of the lower level is more common as several components, 
when defective, cause similar indications. Normally the trace... 
reaches -240V but then rises rather sharply to near -225V while 
deselected. Any 1A having this lower level more positive than 
-230, should be replaced. | 


Summary Questions: 


i. Many troubles in memory may appear to be corrected by 
but will re-occur later. 


2. The major weak point of this tuning procedure is the necessity 
for of test equipment. 


3. The adjustment of the is ‘first in the tuning 
procedure « 


4h, The DPD waveform should be volts in amplitude. 


5. When adjusting read current only the CRs are adjusted 
while the scope is connected across the drive line ° 
6. If more than one IA is bad the should be 
scoped to locate the troubles. 
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